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FOREWCORD

This report is a statement of progress during the six-
months' period from December 1, 1956 to May 31, 1957 on
investigations of radicactive materials in the United Btates
and Alaska, undertaken by the U, 8, Geological Survey on
behalf of the Division of Raw Materials and the Division of
Research of the Atomic Energy Commission. The program
sponsored by the Division of Raw Materials, which includes
geologic mapping, geologic topical studies, geophysical
investigations, geochemical investigations, mineralogical
investigations, and laboratory services and research on
techniques in the flelds of radiomctivity, spectrography,
and chemistry is reported on pages 25 to 531. The program
sponsored by the Division of Research, which comprises
fundamental studies relating to the geology of uranium aﬁd

thorium, is reported on pages 532 to STl.
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INTRODUCTION

The broad objective of the Geological Survey's program
on behalf of the Atomic Energy Commission is the investi-
gation of the fundamental geology, mineralogy, and geochem-
istry of uranium and other radiocactive materials, for the
purpose of discovering and delimiting areas favorable for
the future production of uranium and other radiocactive ores.
During the first phase of the program, which began in 1947,
emphasis was placed on the immediate discovery of minable
uranium deposits. In 1954 and 1955, however, the rapid
increase in the Nation's production of uranium made possible
a reorientation of the program toward long-range, funda-
mental studies of the geologic processes that govern the
emplacement of uranium deposits. These long-range studies
involve systematic geologic mapping and research, supported
by appropriate geophysical and geochemical studies, required
to develop information on the size, shape, and mineralogy of
our potential reserves and resources of radioactive materials.
The Survey's present program, therefore, is designed with a

view not so much toward the immediate needs of the United
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States as toward the unknown but certainly large require-
ments of the foreseeable future.

A second and equally important objective of the Survey's
progrem in uranium geology is the dissemination of imformation
by the publication, as expeditiously as possible, of the
results of its investigations. These results afe published
as Geological Survey Professional Papers, Bulletins or
Bulletin chapters, or maps, or as papers in scientific
Journals. During the six months covered by this report,
publications stemming from the program include 12 Bulletins
or Bulletin chapters, 47 maps, and 21 papers and 37 abstracts
in scientific jourmals. During the same period one report
was placed on open file and one report was sent to the
Technical Information Service Extension of the Atomic Energy
Commission for reissue and distribution to the public. 1In
addition, geologists working on the uranium program presented
18 papers at scientific meetings.

Since June 1954--approximately the date when reorientation
of the program began, and when easing of securlty restrictions
made possible the publication of much data that previously

had been classified--three Professional Papers, 56 Bulletins
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or Bulletin chapters, 53 Circulars, and 305 maps have been
published by the Survey, and 129 papers by scientists working
on the program have been published in scientific journals.
During the same period 85 reports have been placed on open
file and 22 reports have been sent to the Technical Infor-
mation Service Extension for reissue and distribution.

The Semiannual Reports, "Geologic Investigations of
Radioactive Deposits,” of which this volume is one, were
prepared originally as administrative reports for use within
the Geological Survey and the Atomic Energy Commission; but
beginning with TEI-330, issued in June 1953, each has been ‘
reissued and made availasble to the public by the Technical
Information Service Extension. These Semiannual Reports have
a8 & rule been confined to the accomplishments of the six-
months' period which they cover, only enough of the work of
preceding perio@sbeing given to provide a proper perspective,
So far as continuing proJjectsare concerned, this practice is
adhered to in the present volume. However, field and lab-
oratory work on a considerable number of'yrojects has been
completed within the past six months, and final reports for
Survey publication have been or are being prepared. Of

necessity considerable time will elapse before all of these
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reports can be published. In order to make available at

this time the more important resultis of these investigationms,
reports in this volume that describe completed projects are
essentially expanded sbstracts of the final report for Survey
publication, and contain as much of the pertinent illustra-
tive and tabular matter as the restrictions inherent in pre-
paring a report of this nature permit. Reporis of this type
are included for the following mapping projects:

Colorado Plateau region

Bull Canyon area S8lick Rock area
Sage Plain area La Sal Creek ares
San Rafael Swell Elk Ridge

East Vermilion Cliffs

Black Hills

Edgemont NE quadrangle Burdock quadrangle
Cascade Springs quadrangle Dewey quadrangle
Flint Hill quadrangle Jewel Cave quadrangle

Carlile quadrangle
Other areas

Southern Powder River Basin, Wyoming

Cave Hills, Harding County, South Dakota

Maybell-lay area, Moffat County, Colorado

Hiland-Clarkson Hill area, Wyoming

Jarbridge quadrangle, Nevada

Thomas Range, Utah

Front Range, Colorado

Phosphate deposits and their "leached zones” in
northern Florida
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Other reports im this volume that describe completed
projects are those on the Permian beds of Texas (p. 425-
427) ; Pennsylvanian sediments of the Mid-continent region
(p. 427-428); Radon and helium studies (p. 535-536); and
Uranium in natural waters (p. 536-54l).

Inclusion of the comparatively long reports on
completed projects has pecessitated a considerable increase
in the size of this Semiannual Report as compared with other
volumes of the series, It is felt, however, that the
increase is more than justified by the advantages to be
gained by making information on the areas available to the

public at this time.
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GEOLOGIC MAPPING

Colorado Plateau region

Geologic mapping as part of the uranium investigations on the
Colorado Plateag was started in southwestern Colorado early in 1947.
Since that time the original program has been extended and prior to
this report period field work had been completed in the following
areas: Southwestern Colorado; Monument Valley, Arizona; Monument
Valley, Utah; Carrizo Mountains, New Mexico; Capitol Reef, Utah; White
Canyon, Utah; Clay Hills, Utahj; and Deer Flat, Utah.
During the report period field and office work continued in the
following areas: Bull Canyon district, Slick Rock district, Uravan
district, Western San Juan Mountains, Ute Mountains, Colorado; Sage
Plain, La Sal Creek, Lisbon Valley, Utah and Colorado; Moab-Inter-
river, Orange Cliffs, San Rafael Swell, Circle Cliffs, Elk Ridge, Abajo
Mountains, Utah; FEast Vermilion Cliffs, Arizona; Grants, and Laguna,
New Mexico.
During the report period the following papers were published on
geologic work previously completed on the Colorado Plateau:
Finnell, T. L., 1957, Structural control of uranium ore at the
Momument No. 2 mine, Apache County, Arizona: Econ. Geol.,
V. 52, no. 1, pe 25-35.

Smith, J. Fs, Jr., Huff, L. Ce, Hinrichs, E. N., and Luedke, Rs G.,
1957, Preliminary geologic map of the Loa 1 NE quadrangle, Utah:
Us. S. Geol. Survey MF-100.

, 1957, Preliminary geologic map of the Loa 1 SE quadrangle,
Utah: U. S. Geol. Survey MF-10l.
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U. S. Geol. Survey MF-102.

s 1957, Preliminary geologic map of the

rangle, Utah: U. S. Geol. Survey MF-103.,

s 1957, Preliminary geologic map of the

rangle, Utah: U. S. Geol. Survey MF-104.

s 1957, Preliminary geologic map of the

rangle, Utah: U. Se. Geol. Survey MF-105.

s 1957, Preliminary geologic map of the

rangle, Utah: U, S. Geol. Survey MF-106.

s 1957, Preliminary geologic map of the

rangle, Utah: U. S. Geol. Survey MF-107.

s 1957, Preliminary geologic map of the

rangle, Utah: U. S. Geol. Survey MF-108.

s 1957, Preliminary geologic map of the

rangle, Utah: U. S. Geol., Survey MF-109.

s 1957, Preliminary geologic map of the

rangle, Utah: U. S. Geol. Survey MF-110.

s 1957, Preliminary geologic map of the

rangle, Utah: U. S. Geol. Survey MF-111l.

s 1957, Preliminary geologic map of the

rangle, Utah: U. S. Geol., Survey MF-112.

s 1957, Preliminary geologic map of the
rangle, Utah: U. S. Geol. Survey MF-113.

s 1957, Preliminary geologic map of the

rangle, Utah: U. S. Geol. Survey MF-1li.

s 1957, Preliminary geologic map of the

rangle, Utah: U. S. Geol. Survey MF-115.

Dinnehotso NE quadrangle, Arizona-Utah: U.
MF-93.

Smith, Je Fog J]’.‘o, Hu.ff, Lo Co, HinriChS, Eo No’ and Luedke’ R. G‘G’
1957, Preliminary geologic map of the Loa 4 NE quadrangle, Utah:

Notom 1 SW quad-
Notom 2'NE quad-
Notom 2 NW quad-
Notom 2 SW quad-
Notom 2 SE quad-
Notom 3 NE quad-
Notom 3 NW quad-
Notom 3 SW quad-
Notom 3 SE quad-
Notom 4 NE quad-
Notom 4 NW quad-
Notom 4 SW quad-

Notom 4 SE quad-

Witkind, I. J., and others, 1957, Preliminary geologic map of the

Se Geol. Survey
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Witkind, I. J., and others, 1957, Preliminary geologic map of the
Dinnehotso SE quadrangle, Arizona: U. S. Geol, Survey MF-94.

s 1957, Preliminary geologic map of the Dinnehotso NW quad-
rangle, Arizona-Utah: U. S. Geol. Survey MF-92.

s 1957, Preliminary geologic map of the Dinnehotso SW quad-
rangle, Arizona: U. S. Geol. Survey MF-95,

, 1957, Preliminary geologic map of the Boot Mesa NW quad-
rangle, Arizona-Utah: U. S. Geol. Survey MF-8L.

s 1957, Preliminary geologic map of the Boot Mesa NE quad~
rangle, Arigzona-Utah: U. S. Geol. Survey MF-85,

, 1957, Preliminary geologic map of the Boot Mesa SE quad-
rangle, Arizona: U. S. Geol. Survey MF-86.

s 1957, Preliminary geologic map of the Boot Mesa SW quad-~
rangle, Arizona: U. S. Geol. Survey MF-87.

s 1957, Preliminary geologic map of the Agathla Peak NW
quadrangle, Arizona-Utah: U. S. Geol, Survey MF-88,

, 1957, Preliminary geologic map of the Agathla Peak NE
quadrangle, Arizona-Utah: U, S. Geol. Survey MF-89,

» 1957, Preliminary geologic map of the Agathla Peak SE
quadrangle, Arizona: U. S. Geol. Survey MF-90.

s 1957, Preliminary geologic map of the Agathla Peak SW
quadrangle, Arizona: U. S. Geol. Survey MF-91. :

Bull Canyon district, Colorado
by

C. He Roach and R. M. Wallace
The Geological Survey has conducted geologic studies in the Bull
Canyon district since 1953. The objective of the studies was to obtain
data concerning the features responsible for localizing the uranium-
vanadium ore deposits in the district and, by means of these guides to

ore, to delineate areas favorable for the discovery of concealed ore
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deposits. The district was divided into two separate project areas,
designated the Jo Dandy area and the Monogram Mesa-Bull Canyon area
(figo 2) .

Mine studies

In the Monogram Mesa-Bull Canyon area, detailed mine-mapping
studies have been completed in three mines that represent the variation
in habits and mineralogy typical of the uranium-vanadium deposits in
the Bull Canyon area. The accumilated data indicate that most ore
deposits in the district are associated with one or more of the fol-
lowing physical characteristics of the host rock:

1) A sandstone-mudstone facies.

2) Areas where the host-rock unit changes greatly in thickness.

3) Pinchout of the host rock.

4) Host-rock units occurring on the flanks of paleostream channels.

5) Mudstone Mlenses™ or layers in the host-rock unit.

6) Mudstone-pebble conglomerates or "trash pockets'.

7) Sandstone with lenticular bedding.

8) Constriction structures formed by the convergence of two dia-

stems.

These physical features have one common characteristic: all repre-
sent parts of the host rock where there is a great reduction in the
volume of sandstone within the host-rock unit. Figure 3a shows an ore
body that has been localized adjacent to a constriction formed by the
convergence of two prominent bedding planes. The side of the deposit
adjacent to the constriction is normally characterized by better-than-
average grade ore and the contact between mineralized and barren rock is
comnonly very sharp. The opposite side of the deposit is commonly
characterized by an assay wall and the mineralized rock grades imper-

ceptively into barren rock. In this example, the host-rock unit, which
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is considered to be the volume of sandstone between the two prominent
bedding planes, thins abruptly at the constriction.

Mine studies have revealed that many so-called roll ore bodies
are localized adjacent to the constrictions where one prominent dia-
stem intersects another, Figure 3b shows a roll ore body localized
near a constriction of this type. The layer of ore cuts sharply
across the bedding of the sandstone between the two prominent diastems,
but nowhere does it traverse the two more prominent surfaces. In some
mines, the spatial relations between rolils and constriction structures
of this type are so consistent in their relative orientation that it
may be possible to infer the genersal direction of movement of the
mineralizing fluid.

Figure 4 shows an ore body localized in mudstone-pebble conglomerate
adjacent to a type of sandstone that is commonly a host to ore, but in
this locality is barren. These mudstone-pebble conglomerates are com-
monly characterized by abundant carbonized plant remains and contorted
bedding, and therefore have come to be known as MWtrash pockets', Commonly
the mudstone pebbles are highly mineralized with vanadium minerals. This
type of host rock is characterized by great litholqgic changes. The
mudstone-pebble conglomerate represents a great reduction in volume of
sandstone relative to the adjacent sandstone units.

Figure 5 shows a generalized cross section of two ore bodies
localized on the flanks of a paleostream channel., Here, the host-rock
unit is defined as the unit of sandstone bounded at the bottom by the

mudstone-sandstone contact at the base of the channel, and at the top by
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the first prominent diastem above the base of the channel. The ore
bodies occur on the flanks of the paleostream channel where the host-
rock unit is greatly thinned.

Geologists familiar with uranium ore deposits in the Morrison
formation are well aware of the importance of gray-green mudstone -
Malteration® at the base of the host rock as a guide to ore. Weir
(1952) has shown that the thickest Maltered" mudstone commonly occurs
near the ore deposits and that the thickness decreases laterally from
the deposit. In the vicinity of ore deposits in the Bull Canyon dis-
trict, it is common to find similar although slightly different spatial
relations between these features. The paleostream channel shown on
figure 5 has been extensively drilled on 50-foot centers and a great
amount of data on the distribution of green Maltered" mudstone at the
base of the host rock is available. The areas of thickest Maltered™
mudstone do not coincide in detail with the position of the ore bodies
but have a slight lateral displacement away from the ore bodies and are
more distant from the channel axis. Some of the drill holes which
penetrated thick ore-grade material found no green mudstone at the base
of the host rock. All drill holes penetrating more than four feet of
Maltered" mudstone are located beyond the limits of the ore bodies,
Detailed observations in mines and on outcrops indicate that lateral
displacement between areas of maximum mudstone M"alteration" and the
position of the adjacent ore body may be more common than previously

noticed.
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Hypothesis of ore deposition

It has been mentioned above that the uranium ore deposits in the
Bull Canyon district occur in places where there is a great reduction
in the volume of sandstone within the host-rock unit. Such physical
changes should modify appreciably the hydraulic characteristics of an
ore fluid moving through the host rock, and the following hypothesis
is offered in an attempt to show how the physical features might have
influenced deposition of ore metals. Figure 6 shows a uranium ore body
that has been localized near a constriction of the host-rock unit formed
by the convergence of two prominent bedding planes. Permeability measure-
ments of sandstone adjacent to the bedding planes indicate. that the
permeability is much less in a direction normal to the bédding planes
than parallel to them. These relations suggest that prominent bedding
planes would serve to channelize the movement of any fluid through the
host rock. If it is assumed that an ore fluid was moving under steady
flow conditions, the velocity vectors on figure 6 show qualitatively the
increase in velocity of the ore fluid that must occur as it approaches
the constriction. Bernoullits principle states, in part, that under such
conditions "pressure on the ﬁQVing solution varies inversely as the square
of the wvelocity". The graph of the hydraulic grade line at the top of
the figure shows that the pressure on the moving ore fluid would be the
least where the velocity is the greatest; that is, at the constriction,
As all of the other physical features previously discussed can be
analyzed similarly, it appears that most ore deposits in the Bull Canyon

district may have been localized in areas where a decrease in pressure on

the ore fluid occurred.
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A decrease of pressure might cause deposition of ore metals from an
ore fluid. Ie Chatlier's principle states, in part, "a solution in
equilibrium undergoes tﬁat change, following pressure decrease, which
is accompanied by an increase in volume." Since the volume of most
solutions is less than the sum of the solute and solvent, a decrease
in pressure might be expected to cause precipitation of the solute. In
most systems, the increase of volume as a result of a decrease in pres-
sure probably would be small; however, in systems in which one or more
of the components are volatile, the change in volume created by a de-
crease of pressure may be very great. Garrels (written communication,
1957), Pommer (written communication, 1957), Gruner, 1956, p. 498), and
others, have pointed out the ease with which carbonate or bicarbonate
solutions can transport uranium and vanadium in solution. If such a
solution should move into an area where the decrease in pressure is less
than that needed to keep CO, in solution, ™boiling off™ of volatile CO,
would occur. This loss of COp could be accompanied by large changes in the
pH of the fluid remainder and by a drop in temperature., The exsolution
of CO, from such an ore fluid might cause deposition of the ore metals
by loss of solvent capacity; and as Garrels and Richter (1955, p. 456)
have suggested, "the 'bleached! shales that so often underlie or overlie
ore bodies might be the result.of slow solution of CO, in the pore waters
of the rock, with concomitant removal of hematite cement and solution
and recrystallization of calcite™, If these changes occur under dynamic
conditions, as here proposed, this mechanism could easily explain the

common lateral displacement between the ore deposits and areas of maximum
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mudstone "alteration®", Exsolution of COp from the ore fluid might also

explain the observed (Archbold, 1957) sparsity of carbonate cement within
ore bodies where COo concentrations might have been relatively high, and
a concentration of carbonate cement in adjacent barren sandstone where
the concentration of COp might have been relatively low.

If exsolution of COo from the ore fluid did occur during mineral-
ization, the concentration of COp probably would be related to the degree
of pressure reduction. It seems possible that the rate of precipitation
of vanadium and uranium from a bicarbonate ore fluid could be delicately
controlled by the amount of COp evolved from the ore fluid. Possibly
the variation in V305-U30g ratios commonly noted for individual mines or
mining districts might be‘explained as zoning due to differing degrees
of exsolution of CO2 from the ore fluid, This mechanism might also
explain the previously reported zoning, within individual ore bodies,
of certain trace elements (Shawe, 1956, Botinelly and Fischer, written
communication, 1955).

Geochemists have stressed the importance of carbonaceous material
in causing a reduction of Eh and thereby causing precipitation of the
ore metals from solution. The fact that much carbonaceous material is
commonly associated with the ore deposits in the Bull Canyon district
would seem to lend support to this hypothesis. However, within a
cluster of ore deposits, carbonaceous material is nearly ubiquitoqs'
Abundant carbonaceous material occurs both in lenses of mineralized sand-
stone and in adjacent lenses of barren sandstone., Furthermore, some ore

deposits have been localized in lenses of sandstone containing little or
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no visible carbonaceous material, while adjacent lenses contain abundant
carbonaceous material but no ore. Close inspection of these occurrences
reveals that the ore bodies are consistently related to one or more of
the physical features which cause a reduction in the volume of the sand-
stone within the host-rock unit., Data obtained from mine studies in the
Bull Canyon district indicate that although carbonaceous material is one
feature that, by a reduction in Eh, could have influenced the deposition
of ore metals, it is not the only, or necessarily major, factor causing
precipitation of ore minerals. It is possible that highly reducing
volatiles such as HpS might, in some places, have "boiled off" from the
ore fluid due to a decrease in pressure. Such reducing volatiles could
induce precipitation of ore metals. It seems reasonasble to assume,
however, that the physical features so consistently associated with the
ore deposits had at least an equal role in causing precipitation of ore
metals. The ore deposits in the Bull Canyon district may have been
localized by a combination of: (1) exsolution of volatiles caused by
a pressure reduction on the ore fluid, and (2) the reducing action of
carbonaceous materials.

The following reports on mine studies in the Monogram Mesa-Bull
Canyon area have been published:

Thompson, M. E., Roach, C. He, and Braddock, William, 1956, New

occurrences of native selenium: Am., Mineralogist, v. 41,
p. 156-157.
Thompson, M. E. and Roach, C. H., 1955, Mineralogy of the Peanut

mine, Montrose County, Colorado (abstract): Geol. Soc.
America Bull., v. 66, p. 1625-1626.
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Slick Rock distriet, Colorado
by

D, R. Shawe, G. C. Simmons, and N. L. Archbold
The Slick Rock district comprises about 570 square miles in the
western part of San Miguel and Dolores Counties, Colorado (fig. 7). The
Geological Survey began geologic work in the district in 1953, with the
objectives of evaluating previous diamond drilling in the district, ex-
tending exploratory drilling to areas where possible uranium deposits
are deeply buried, synthesizing previous geologic studies pertaining to
the district, and undertaking additional studies. The purpose was to
present a comprehensive picture of the geology and ore deposits of the

Slick Rock district, and to discern the origin and genesis of the deposits,
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Stratigraphy

Consolidated sedimentary rocks cropping out in the Slick Rock
district range in age from Permian to Cretaceous. Older sedimentary
rocks which underlie these are known to rest on igneous and metamorphic
rocks of a probable Precambrian basement, Maximum thickness of exposed
sedimentary rocks in the district is about 4,700 feet and the total
section of sedimentary rocks underlying the district is about 13,000
feet. Only one igneous intrusive rock is kﬁown in the distriet, but
several igneous sills and dikes probably related to the San Juan volcanic
province lie not far to the east,

Data on consolidated sedimentary rocks in the district are sum~
marized in table l.

Structure

The Slick Rock district is in the Paradox Basin at the southwest
edge of the salt anticline region. Major folds in the district trend
about N. 55° W. and parallel the collapsed Gypsum Valley anticline
(figs 7). The Dolores anticline is about nine miles southwest of the
Gypsum Valley anticline; the Disappointment syncline lies between the
two anticlines, In the southeast part of the district the Glade anti-
cline branches eastward from the Dolores anticline.

A zone of faults bounding the southwest edge of the collapsed core
of the Gypsum Valley anticline occurs along the southwest limb of the
anticline, The Dolores fault zone is about two miles northeast of and
parallel to the axis of the Dolores anticline. Individual faults in

the zone strike N. 60° to 85° W, and form a séries of small en echelon
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grabens, The zone extends northwestward toward the Lisbon Valley anti-
cline in Utah. A few faults normal to the Dolores fault zone in the
northwest part of the district form a conjugate system. The south part
of the distriet is cut by the Glade fault zone, which trends about

N. 80° E. and extends westward into the Verdure graben in Utah.
Individual faults in the zone strike about N. 60° to 70° W.; depres-
sion of a long narrow block between two of these faults has formed the
Glade graben.

A major set of fractures is oriented parallel to the principal
faults in the district; a less prominent set, approximately parallel
to the fault zone normal to the Dolores fault zone, is oriented about
normal to the major set.

Sandstone dikelets in the Navajo sandstone along fractures striking
about N. 30° W. in the area of thg Dolores fault zone, may have formed
when the Navajo was partly unconsolidated, suggesting initiation of
fracturing in Early Jurassic time, At least two stages of fracturing
are shown in the distridt; some fractures pre-~date epigenetic alteration
of the rocks and have controlled the alteration, whereas some post-date
epigenetic alteration.

Sedimentary petrology

Some accessory heavy minerals in the rocks exposed in the Slick
Rock district contain appreciable amounts of some of the elements known
in the ore deposits in the Morrison formation. The rocks of Late
Cretaceous age contain traces of elements that may be related to the
advent of wvolcanism in the region of the Colorado Plateau near the end

of the Cretaceous period.
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All the clastic sedimentary rocks in the Slick Rock district older
than the Mancos shale and younger than the Rico formation contain several
hundredths to a few tenths of a percent heavy detrital minerals including
zircon, tourmaline, and leucoxene. Some of the rocks contain traces of
garnet, staurolite, and rutile. Heavy minerals that are authigenic in
most of the rocks include carbonates, leucoxene, barite, and anatase.
All the reddish rocks in the stratigraphic sequence contain in the order
of a tenth of a percent black opague minerals including hematite,
magnetite, and ilmenite. These black opaque minerals constitute about
half of the total heavy minerals in the rocks. Almost all the light-
gray, greenish-gray, and light-brown rocks in the stratigraphic sequence
contain little if any ilmenite, magnetite, and hematite, but do contain

These ‘

light-colored rocks have about half as much total heavy mineral content

pyrite or limonite that has probably been altered from pyrite.

as do the reddish rocks.

Black opaque heavy minerals in reddish rocks of the Morrison forma-
tion average about 0.017 percent copper, 0,004 percent lead; 0.006 per-
cent nickel, O.l13 percent vanadium, 0.24 percent chromium, 0.20 percent
zirconium, and 0,019 percent niobium. Magnetites commonly contain
vanadium, and as much as 4.8, percent vanadium in magnetite has been
reported (Palache, Berman, and Frondel, 1944, p. 702). Spectrographic
analyses of black opaque heavy minerals from reddish rocks of the Morrison
formation have not detected uranium in these minerals. However, some
vanadium~rich ilmenites contain a few tenths to several percent uranium,

as well as lead, chromium, zirconium, and other elements (Bannister and
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Horne, 1950; R. G. Coleman, written communication, 1956; Lawrence, 1957;
Mawson, 1944). Some non-vanadiferous ilmenites contain a few hundredths
to 0,20 percent U30g (Palache, Berman, and Frondel, 194k, p. 537). It
is possible that black opaque heavy minerals in reddish rocks of the
Morrison contain a few hundredths of a percent uranium that could not

be detected by spectrographic analysis.

Spectrographic analyses of many samples of pyrite sepafated from
the Mancos shale show that pyrite from rocks about 300 feet above the
base of the Mancos, at the base of the Later Carlisle fossil zone, con-
tains anomalous amounts of metallic elements including copper, chromium,
silver, gold, zine, tin, vanadium, yttrium, nickel, and zirconium. The
trace element content in pyrite decreases upward from that horizon, and
pyrite about 600 feet above the base of the formation contains about the
same amount of the metallic elements as does pyrite in the lower 300
feet of the Mancos.

Rock alteration

Color differences in the sedimentary rocks of the Slick Rock dis~
trict are related to the position of the uranium-vanadium deposits; to
clarify the relations a special study was made of the causes of color
differences. At least four types of post-depositional changes that
involve color differences have taken place; two of these changes are
thought to be diagenetic and two are considered epigenetic,

One type of change that is considered to be diagenetic took place
where sediments were deposited in an oxidizing environment in which no

carbonaceous material was present., Detrital magnetite and ilmenite were
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partly oxidized to form hematite and leucoxene respectively. Iron
was redistributed and redeposited as hematite coatings on sand grains
and clay fragments, imparting a reddish color to the rocks. This
change probably brought the "red beds™ as such into being (see also
Miller and Folk, 1955).

A second type of diagenetic change took place under reducing con-
ditions where abundant carbonaceous material was deposited with the
sediments., Magnetite and ilmenite were partly destroyed, and pyrite
apparently developed from the liberated iron. Sedimentary rocks
formed in this environment are light greenish gray to gray in color,

A third type of post-depositional change was epigenetic. It con-
sisted of almost complete destruction of magnetite, ilmenite, and
hematite (including hematite coatings on grains), and entailed forma-
tion of pyrite from liberated iron and recrystallization of barite and
leucoxene., Rocks affected by this epigenetic alteration are light
greenish gray to gray. They are similar in gross aspect to light
greenish-gray to gray rocks formed where abundant carbonaceous
material was deposited. For convenience in mapping, the two types have
been grouped and called "altered"™ rocks.

The epigenetic alteration described above is associated with at
least two major structural feaﬁures in the Slick Rock district. It
is found in rocks within and near the Dolores fault zone, and occurs
along the axial part of the Dolores anticline in the upper part of the
Entrada sandstone and adjacent to joints in sandstone of the Entrada

and Salt Wash.



55

A fourth type of post-depositional change took place where Maltered®
rocks were exposed to weathering. The epigenetic change resulted as
pyrite oxidized to limonite; light greenish-gray to gray rocks became
light brown to buff.

Geologic history

Little is known of the Precambrian history of the Slick Rock
district, but the area was probably base-leveled by Paleozoic time.
The first known sediments-~carbonate rocks of the Ouray(?) (Devonian?)
and leadville (Mississippian) limestones and the arenaceous Molas |
formation (Pennsylvanian)-~were deposited in a shallow Sea. With
development of the Paradox Basin dﬁring the Pennsylvanian periocd,
carbonate and evaporite rocks of the Hermosa formation were deposited,
followed by the coarse clastic rocks of the Cutler formation of Permian
age.

From Early Triassic to Late Cretaceous time fluvial deposition
‘predominated in the region .around the Slick Rock district. During
this period the Dolores anticline was periodically folded, acquiring
several hundred feet of structural relief relative to the Disappointiment
syncline. Folding was accelerated during or shortly after the deposition
of the Navajo sandstone and again during the deposition of the Morrison
and Burro Canyon formations. Faulting and fracturing along the Dolores
fault zone probably began during one of these periods of accelerated
folding of the Dolores anticline.

In Late Cretaceous time gradual encroachment of the sea covering

eastern Colorado brought a change in sedimentation, and clay size
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material was deposited to form the Mancos shale. Periodically during
early Late Cretaceous time volcanic ash falls from volcanic eruptions
in the San Juan and Rocky Mountains to the east of the distriet were
buried in the Mancos shale. By the end of deposition of the Mancos
structural relief between the Disappointment syncline and the Dolores
anticline was.probably at least 1,500 feet at the horizon of the
Catler and Chinle contact and more than 1,000 feet at the top of the
Salt Wash member of the Morrison formation,

At the start of Later Carlisle time, during deposition of the
Mancos, unique and numerous volcanic eruptions, possibly submarine, may
have introduced abnormal amounts of several heavy metals into sea water.
These elements apparently were precipitated in diagenetic pyrite forming
in the Mancos. ‘

After deposition of the Mancos shale several thousand feet of
sedimentary rocks of the Mesaverde, Wasatch, and Green River formations
of latest Cretaceous and Eocene age probably were deposited in the
district. Erosion, accompanied by a recurrent rise of the Dolores anti-
cline and a second period of faulting and fracturing, possibly started
near the middle of the Tertiary. During the last part of the Tertiary
and in Pleistocene time an additional 2,000 feet of structural relief
developed between the Dolores anticline and the Disappointment syncline.

Near the close of the Tertiary period and during the Quaternary

period a variety of surficial deposits were deposited in the district.
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Stratigraphic and areal distribution of the uranium-vanadium deposits

. Most of the known uranium-vanadium deposits in the Slick Rock dis-
trict are in the Salt Wash member of the Morrison formation. Scattered
deposits occur in the Brushy Basin member of the Morrison and in the
lowest unit of the Chinle formation. The topmost sandstone unit of the
Salt Wash is the principal ore-bearing horizon.

Most of the known ore deposits are in the north part of the Slick
Rock district in a belt called the Dolores ore zone, which trends about
N. 55° W. The zone is about 20 miles long, 10 miles wide near the
northwest corner of the district, and narrows to about two miles south-
eastward. It lies within, and normal to, the southern end of the Uravan
mineral belt as defined by Fischer and Hilpert (1952). The only known
deposits in the district outside the Dolores ore zone are small deposits
along the Dolores River Canyon east of Dove Creek and newly discovered
deposits west of Egnar. Within the Dolores ore zone are narrower zones
to which the ore deposits are confined; these zones are a few thousand
feet wide and generally trend abbut N. 70° W. to east-west.

In the Slick Rock district uranium;vanadium deposits are chiefly
tabular to lenticular and parallel roughly the sedimentary bedding.
Some ore bodies, however, are narrow, elongate, and curve sharply across
bedding; these bodies have been called "rolls" by the miners (Fischer,
1942). Tabular deposits seem to be localized in massive sandstones
where clay and mudstone are interstitial, in scattered and streaked
gall and pebble accumlations, and in discontinuous lenses, whereas

roll deposits appear to be confined to sandstones where clay and mudstone
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are in numerous thin well-defined connecting layers. Most of the ore

deposits are in the lower part of the principal ore-bearing unit where
crossbedding is more prevalent.

Narrow zones of ore deposits within the Dolorés ore zone are
oriented almost parallel to sedimentary trends, which average about
Se. 70° E., as shown by current lineations in the principal ore-bearing
sandstone unit., Individual ore bodies within a single deposit also
follow this trend.

A11 ore deposits occur where abundant carbonaceous material was
deposited with the sediments.

Relations of the uranium-vanadium deposits to structural features

The Dolores ore zone coincides with the Dolores fault zone and is
widest where the fault zone is intersected by the northeasterly trending ‘I\
fault set to form a conjugate fault system. Ore deposits along the
Dolores River Canyon east of Dove Creek lie in the Glade fault zone.
Narrow zones of ore deposiis within the Dolores ore zone are oriented
almost parallel to the trend of principal faults and fractures in the
district but do not seem to be directly associated with individual faults.

Mineralogical and chemical composition of the ores

The mineralogy of the uranium~vanadium deposits in the Slick Rock
district is similar to that of deposits in other districts in the Uravan
mineral belt (Weeks, 1956). Copper-bearing minerals are more abundant
in some deposits in the district than in deposits elsewhere in the belt.

Gangue minerals that have been introduced during formation of the

uranium-vanadium ore bodies include carbonates and barite. Carbonate
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in mineralized rock appears to be more magnesium-rich than carbonate

in barren rock near ore bodies., Barite in mineralized rock is pale
yellow and contains traces of several metallic elements, whereas
barite in barren rock is colorless and contains lesser amounts of the
metallic elements.,

Mineral zoning is evident in some oxidized ore bodies in the Slick
Rock district, and is similar to zoning noted in some oxidized and
unoxidized deposits in other parts of the Colorado Plateau. Roll ore
bodies with C~shaped cross sections are paralleled by carbonate-rich
zones close to the concave side of the roll, or near both sides
(Archbold, 1955). In some places a thin layer or concentric layers
of goethite, altered from pyrite, are found in barren rock near the .
concave edge of the roll. .Selenides and sulfides are concentrated in
a thin layer along the concave edge of the roll. Vanadium appears to
be contained largely in chlorite on the concave side of the roll,
whereas it is in both chlorite and mixed-layered mica-montmorillonite
on the convex side (J. C. Hathaway, written communication). Barite
is more abundant in the roll ore bodies than in barren rocke.

Uranium-vanadium deposits mined in the Slick Rock district to
date average about 0.22 percent U30g, 1.7 percent V05, and 0.07 per-
cent copper. The U308:V205 ratio is about 1:8, slightly lower than the
average of deposits in the Salt Wash sandstone member in other parts
of the Uravan mineral belt. On the other hand, Slick Rock deposits are

uniquely high in copper content compared to deposits in the rest of the
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mineral belt; some deposits in the district average as much as 0.3
percent copper. Ore deposits in the Slick Rock district also con-
tain on the average about 0,018 percent lead, 0.0014 percent cobalt,
0.0008 percent nickel, 0,022 percent zinc, 0,021 percent arsenic,
0.0044 percent molybdenum, and less than 0,000l percent antimonye.

Neither U308:V205 ratios nor amounts of uranium or vanadium
show a recognizable pattern of distribution in the Slick Rock district.
Copper and lead, however, are distinctly most abundant in the ore
deposits within and immediately toward the edge of the zone (fig. 7).
The area of high copper and lead content is widest where the north-
easterly-trending fault set intersects the Dolores fault zone, and
minor copper and lead highs are situated along the northeasterly-
trending set southwest of the intersection of the faulbts. Within the
Dolores ore zone selenium appears to be most abundant in deposits
closest to Gypsum Valley, and less abundant southwestward along the
northeasterly~trending fault set. Molybdenum and some other trace
elements in the ore deposits show no recognizable patterns of distri-
bution.

Uranium and vanadium appear to have no systematic pattern of
distribution within individual ore bodies. U308:V205 ratios may range,
seemingly haphazardly, from 1:1 to 1:20 within individual ore bodies.
On the other hand, copper, lead, and selenium are distinetly high in
barren rock just adjacent to the concave edge of roll ore bodies,

reflecting the zonal distribution of minerals in the rock.
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Ore deposits and associated alteration

. Tabular ore bodies in the Slick Rock district average about 3 feet
but vary from 1 to 20 feet in thickness. They range from a few feet to
about 250 feet long and contain from a few tons to several tens of
thousands of tons of ore. Elongate lens-shaped tabular bodies with
simple gedﬁetrical outlines are found in homogeneous sandstone, whereas
more complexly shaped bodies are in heterogeneous rock.

Roll ore bodies in Slick Rock uranium-vanadium deposits range
from several inches to more than 5 feet wide, a foot or so to more
than 15 feet high, several feet to several hundreds of feet long, and
contain a few tons to many hundreds of tons of ore. They commonly are
near and parallel to the edges of,and within, elongate sandstone lenses,
and are oriented with the concave side of the roll toward the center . of
the lens,

Uranium-vanadium deposits in the Slick Rock district occur only
in sandstone that is considered to be epigenetically altered. Mudstone
close to ore deposits has been extensively altered and is greenish gray,
whereas mudstone in and near ore-bearing sandstones farther from deposits
is largely reddish brown. The most extensive changes in epigenetically
altered sandstone have occurred close to ore bodies. In barren rock
on the concave side of rolls extensive solution of quartz grains and
partial replacement by barite has occurred, whereas on the convex side
of rolls quartz overgrowths on quartz grains are common. Authigenic
anatase is appreciably more abundant immediately above some tabular ore

bodies than elsewhere. Minute amounts of pyrite, galena, and possibly
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other sulfides are more evident in the vicinity of unweathered ore
deposits than elsewhere in the zones that have undergone epigenetic
alteration.
Origin of the ore deposits

The origin of the uranium deposits in sedimentary rocks of the
Colorado Plateau has been ascribed by different workers to different
processes and has, at various times, been described as syngenetic,
vaguely "hydrothermal®, and hypogenetic. Determination of the probable
Late Cretaceous age of formation of minerals in the ore deposits
(Stieff, Stern, and Milkey, 1954) indicates that "penesyngenetic™" pro-
cesses can be excluded as a possible origin. On the other hand, the
conclusion that lead and uranium isotope abundances in the ores require
that the uranium came directly from the Precambrian basement by way of
leaching solutions (Stieff, Stern, and Milkey, 1954) seems unreasonable;
it presupposes that (1) galena and uraninite would have been the chief
sources of lead and uranium in the basement, and (2) all the isotopes
of lead and uranium in the basement could not pass through a sedimentary
cycle and end up in the ore deposits in the ratios they are known to
have, If the first assumption is true, it is likely that the second is
also. However, it is quite possible that the first assumption is not
true. lead and uranium in the Precambrian basement may not occur
chiefly in galena and uraninite but rather in one mineral, or in two
closely associated chemically and physically similar minerals, such as
magnetite and ilmenite. If this assumption is true, then neither

supposition named above is true, and there would be no way of determining
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by isotope frequencies whether lead and uranium in the deposits were

derived from minerals in the basement or from the same mineral occur-'
ring as detritus in sedimentary rocks.

It is not likely that cooling magmas of the size and "dryness" of
the Colorado Plateau laccolithic intrusions could have been accompanied
by the volume of solutions required to traverse the thousands of cubic
miles of rock that appear to have been epigenetically altered on the
Colorado Plateau. Similar difficulties confront the suggestion that
the elements were transported by solutions from the basement to the
ore deposits. A theory involving leaching of elements from minerals
in sedimentary rocks by heated connate water, circulation of the resulting
solutions through structural elements as a result of heating near the
igneous intrusion, and deposition of the elements in chemically favorable
locales that are a result of primary sedimentary features of the rocks
is indicated by the geologic relationships observed in the Slick Rock
district.

The deposition of relatively thick, laterally extensive, permeable
carbonaceous sandstones in the Salt Wash member of the Morrison formation
was prerequisite to the ultimate genesis of the uranium-vanadium deposits
in the Slick Rock districte. Of importance to the origin of the deposits
was the presence in the sedimentary rocks of abundant black opaque
detrital minerals that contain abnormal amounts of vanadium, copper,
lead, nickel, and other metallic elements including perhaps uranium.

Development of the Dolores fault zone prior to the deposition of

ore provided a permeable zone that would permit extensive lateral
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movement of solutions through the sandstones. The advent of igneous
activity in nearby intrusive centers provided a means of initiating
wide-scale heating and circulation of the connate waters. Epigenetic
changes in the sedimentary rocks attest to the movement of vast amounts
of heated solutions, and the distribution of epigenetic alteration
shows clearly the influence of structural features on movement of the
solutions. Further, destruction of detrital minerals, which in un-
altered rocks are known to contain many of the elements present in the
ore deposits, provided an adequate source in the sedimentary rocks for
the elements of the ore deposits.

Spatial relationship of the Dolores fault zone with the Dolores
ore zone suggests a relationship of one to the other. Zoning of elements
in the ores, such as copper and lead, relative to the Dolores fault zone
strengthens this conclusion, and in addition suggests that copper and
lead were more readily precipitated from solution than were uranium and
vanadium. Uranium-vanadium ore deposits are not associated directly
with individual faults, but are in a zone made more permeable by
numerous faults and fractures.

Clear association of the uranium-vanadium deposits with abundant
carbonaceous material in the sedimentary rocks strongly suggests that
the carbonaceous material exerted a chemical influence on the deposition
of ore minerals.

Roll ore bodies have formed near the impermeable boundaries at the
edges of elongate permeable sandstone lenses. Solution of quartz appears

to have been most pronounced in the space between rolls occurring on

)
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opposite sides of a lens, and the effects of deposition from solution
are evidenced by formation of the ore minerals and barite in the rolls,
and by silica overgrowths in barren rock beyond the rolls, It is con-
cluded that deposition of ore must have occurfed at an interface between
moving, heated connate water solutions passing through the elongate
sandstone lenses and "dead" cooler connate water trapped againsf the
impermeable edges of the sand lenses. Zoning of the metals in the rolls
also suggests that copper and lead were more readily precipitated from
solution than uranium and vanadium. Interfaces between the ore-~bearing
solution and trapped, "dead" connate waters must have been numerous and
widespread, but ore metals were deposited only where abundant carbonaceous
material provided a suitable strongly reducing environment.
The following report was published during the report period:
Simmons, G. C., 1957, The Burro Canyon formation in the Slick Rock
district, Colorado (abstract): Geol. Soc. America Bull.
(10th Annual Meeting, Logan, Utah, May 1957).
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Uravan district, Colorado ‘
by

R. L. Boardman
During the report period office work was continued on the Uravan
district project, southwestern Colorado. Compilation of the results of
the Geological Survey's program of exploration and geologic studies in
the Uravan district, ﬁhich began in 1948, will be completed in the
sumer of 1957, and a summary of the history and results of the program

will be given in the next semiannual report.
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Western San Juan Mountains, Colorado
A, L. Bush, 0., T. Mzgsh, and R. B. Taylor

Compilation of structural data indicates that the structural
framework of the Placerville quadrangle extends into the Little Cone
and Gray Head quadrangles, but apparently dies out toward the igneous
centers of the Wilson group and the Dolores Peaks (TEI-390, p. 111~112;
TEI-440, p. 28-30; TEI-490, p. 40-41; TEI-590, p. 31-32; TEI-620, p. 47-
50; TEI-640, po 47-49). This framework consists of a series of broad
anticlines and synclines with numerous warps, both along the axes and
on the flanks, cut by a system of horsts and grabens. Generally the
fold axes trend northwest to north-northwest. The grabens characteris-
tically swing from a southerly to a southeasterly trend along their
extent from north to south (fig. 8).

Detailed compilation and broad interpretation indicate that in the
southern parts of the Little Cone and Gray Head quadrangles the graben
system is absent, and the fold system merges into a very broad synclinal
structure which rises southward to merge with the north flank of the
Rico dome. The Wilson and Dolores Peaks igneous centers lie on this
limb, closer to the synclinal than the anticlinal axis. Minor warps
are present, and it is believed that the Little Cone laccolith may over-
lie one of these small domes.

Abrupt monoclinal bends are present in a few places in the Little
Cone and Gray Head quadrangles. In most cases they have been broken by

normal faults with displacements of hundreds of feet. It is likely that
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the bends are controlled by deep-seated faults in the basement rocks,
and that the later faults represent renewed movement, in the opposite
direction, along the basement faults.

There is increasing evidence that major igneous activity in the
Western San Juan Mountains was confined largely to the Upper Miocene.
The igneous rocks crosscut both the Telluride conglomerate and the over-
lying San Juan tuff. Microgabbro, olivine basalt, an@ minette dike
rocks appear to be the youngest igneous rocks. ©Samples of a minette
dike in the Gray Head quadrangle have a potassium-argon age of about
15 million years (S. S, Goldich, written communication, 1957), placing
the rocks in the late Miocene.

Evidence of the relative age of faulting and intrusion of the
igneous bodies, in addition to that found in the Placerville gquadrangle,
is found in the offset of granodiorite and rhyolite(?) sills in the
Little Cone quadrangle by faults of the graben set. Dike rocks in the
northeastern corner of the same quadrangle are also cut by faults of
the same system. It is thus suggested that most of the faults are late
Miocene or younger. To date no faults definitely older than the igneous
rocks have been recognized.

Selenium minerals are now known from all the vanadium-producing

districts in the Western Sam Juan Mountains (fig. 9). Clausthalite
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has been identified from the deposits of the Placerviile and Lightner
Creek districts, and ferroselite is present in the Barlow Creek-
Hermosa Creek district. The significance of this difference in
mineralogy is not understood.

During the report period a Mineral Investigations Field Studies
Map of the Placerville quadrangle was published:

Bush, A. L., Bromfield, C. A., and Pierson, C. T., 1956, Pre-

liminary geologic map of the Placerville quadrangle, Colorado:
U. S. Geol. Survey Min, Inv, Map MF‘"‘960

Ute Mountains, Colorado
by

E. Bs Ekren and F. N. Houser

Additional study of the relationships of the Burro Canyon forma-
tion of Early Cretaceous age and the Morrison formation of Late Jurassic
age indicates that the lithologic differences observed in the mudstones
of the two formations in the Four Corners area (TEI-640, p. 51) are
observable elsewhere on the Colorado Plateau. These differences are
also present in the mudstones of the Morrison formation and Stokes?
(1944 and 1952) Cedar Mountain formation, which is the probable equi-
valent of the Burro Canyon formation, in east-central Utah.

The lithology of the Burro Canyon formation in southwesternmost
Colorado reflects a considerable reduction in bentonite deposition
compared with the amount deposited in the Brushy Basin formation. A
new sedimentation cycle was initiated by uplift which probably was to
the west. The "basal" conglomerate of the Burro Canyon, a channel-

£illing well-rounded pebble conglomerate, is indicative of this uplift.
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The similarities between the lithologies, stratigraphic position, and
possible sources of this "basal" conglomerate and the Buckhorn conglo-
merate member of the Cedar Mountain of Stokes suggests that the two
may be lithogenetic equivalents.

Geologic mapping in the McElmo Canyon area has shown that the
Salt Wash member of the Morrison formation averages about 200 feet in
thickness in the eastern part of the area where the Recapture member
is absent., It thins westward to about 100 feet where the Recapture
member is present. Throughout McElmo Canyon the Salt Wash member con-
sists of continuous lenses or rims of sandstone separated by lenses of
reddish-brown mudstone. In some places four or more distinct rims are
present., In other places the mudstone lenses are extremely thin and
the member forms a single thick sandstone unit. Very little green
"altered" mudstone is present below or above the individual sandstone
lenses and where present was never found to be more than a few inches
thick. Mudstone pebbles and seams within the sandstones, however, are
commonly green. No "trash piles® of carbonaceous material are known
but carbon is fairly abundant as fine particles along bedding planes.

The lack of extensive Maltered" mudstone, the absence of accumla-
tions of carbon in the form of "trash piles®, and the relatively
nonlenticular character of the sandstones in the Salt Wash in this area
as compared to uranium producing areas, suggests that the ground is
generally unfavorable for uranium deposits. The main underlying cause
for this unfavorableness is probably the environment under which the

sandstones were deposited; an environment that did not promote large
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carbon accumilations or the development of well-defined channels of

variable transmissivity.

-Hornblendic inclusions are very numerous in the diorite and
monzonite-diorite porphyries of the Ute Mountains., Figure 10 is a
camera lucida drawing of a thin section cut along the contact of a
hornblendite inclusion in monzonite-diorite porphyry. This inclusion
is over 90 percent hornblende and contains biotite, magnetite, pyrite,
and apatite. The pyrite is commonly ringed with magnetite. The horn-
blende has been partly altered to fine-grained, yellow-brown biotite
near the contact. The monzonite-diorite porphyry consists of pheno-
crysts of andesine, quartz, and pseudomorphs after hornblende of brown
biotite and chlorite. A few hornblende pseudomorphs (not shown in the
figure) contain minute shreds of sericite. The groundmass, holo-
crystalline but extremely fine-grained, consists of sodic plagioclase,
potash feldspar, quartz, and biotite.

The inclusion shown in figure 10 shows no banding or lineation.
Some inclusions, however, show distinct banding; these usually contain
abundant augite and/or plagioclase, and in some instances potash feld-
spar. Studies thus far have shown the plagioclase in the inclusions
to be more calcic than the plagioclase in the enclosing porphyry.

E. M. Shoemaker and W. L. Newman (written communication, 1953)
observed the inclusions during their reconnaissance study in 1952,
They believe the hornblendites to be the products of accumulation of

intratelluric crystals on the floor of the magma chamber. Eckel (1949,
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pPe 34) observed numerous inclusions in the La Plata Mbuntains,'which
probably have an origin similar to the Utes, and concluded, "Most of .
the inclusions, including all types of gneiss and granite, were almost
certainly derived from the Precambrian basement rocks through which
the porphyry magmas were forced. The hornblende inclusions closely
resemble in megascopic appearance the Irving Greenstone of the Needle
Mountains, but without petrographic study it is impossible to be
certain whether they were derived from the rock or ére genetically
related to the porphyry."

Hornblendes have been separated from two inclusions and from two
porphyries and are being analyzed chemically and spectrographically.
It is hoped that with these data the possible modes of origin will be
narrowed and the derivation determined.
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Sage Plain area, Colorado-Utah
by

Le Ce Huff and F. G. Lesure

Geologic mapping in the Sage Plain area began in 1954 and is
scheduled for completion in the summer of 1957. The area includes
the uplands near Monticello, Utah and Montezuma Canyon and its trib-
utaries. The exposed rocks range in age from Jurassic and Jurassic(?)
to Cretaceous. About 1,500 feet of sedimentary strata are exposed in
the area; the beds are essentially flat-lying, the dips being mostly
southward at angles of less than 1°., The older formations, including
the Navajo sandstone of Jurassic and Jurassic(?) age and the Carmel,
Entrada, and Summerville formations of Jurassié age, are exposed in ‘r
Montezuma Canyon and some of its tributary canyons. The Morrison forma-
tion of Jurassic age, which here includes the Salt Wash, Westwater
Canyon, and Brushy Basin members, is exposed in all the canyons in the
area. The upland surface near Monticello is developed on the Mancos
shale of Upper Cretaceous age, and is separated from the canyons by a
steep cliff formed by sandstones of the Burro Canyon formation of Lower
Cretaceous age and the Dakota sandstone of Upper Cretaceous age.
Pediment gravels and loess, probably of early Pleistocene age, mantle
the upland near Monticello, and thick alluvium floors most of the
canyon. The character, distribution, and thickness of the formations
in the Sage Plain area are given in table 2.

A system of faults and small grabens trending east and west crosses

the head of Montezuma Canyon. A fault near the confluence of Verdure Creek ‘l
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Table 2 .--GENERALIZED STRATIGRAPHIC SECTICH OF ROCKS EXFOSED IN THE MONTEZUMA CANYON AREA,

SAN JUAN COUIITY, UTAH.

Character

Distribution

S1lt and sand, some interbedded
gravel.

Large sandstone blocks mixed
with smaller rock fragments,
sand, and clay; derived by
sliding from adjacent uplands.

Well-gsorted red silt and very
fine sand; largely wind depos-
ited, reworked in part by water;
overlies deeply weathered soil
zone developed on older rocks.

Boulders, cobbles, and pebbles
in a sandy matrix.

Forms alluvial plains and low
terraces along major streams.

Forms nearly continuous colluvial
cover on bench formed by the
Brushy Basin member balow
Burro Canyon formation. Smaller
maases present locally along
inner canyon walls.

Forms agricultural soils on
uplands.

Forms upland surfaces near
Monticello; underlies loess
locally.

Age Formation Thickness
and member (feet)
Alluvium 0-50
Landslide
deposits 0-50
Quaternary
(Wisconsin Loess 0-25
and Recent)
Quaternary
( pre- Pediment 0-50
Wisconsin) gravel
— N UNCONFORMITY v~
Mancos shale 0-380+
Upper
Cretaceous
Dakota
sandstone 80-150

e UNCONFORMITY __

Oray marine shale, prominent
Gryphaes zone near base.

Light-brown and yellowish-brown
sandstons, interbedded gray
lenticular carbonaceous clay-
stone and coal; plant fossils
abundant. Thin conglomerate
at base locally.

Forme a few gentle hills above
upland surface.

Crops out at crest of the "rim
rock" cliff which separates
upland from canyons.

Lower Burro Canyon

Light-colored conglomeratic
sandstone; interbedded green
lenticular mudstone; silici-
fied sandstone and limestone
at top locally.

Forms face of "rim rock" cliff
which ssperates upland surfacs
from canyons.

Cretaceous formation 50-180
(-
[ weuber
(-3
=
L}
£
O | Westwater
{ Canyon 0-180
S | member
L
-
1
o
-1
8alt Wash
Jurassic L member 300-520
Summerville
fermation 80-13
Entrada
sandstone 150-165
Carwel
formation lo-k5

Varicolored mudstone; some sand-
stone and conglomerate lenses.

Yellow and greenish-gray lenti-
cular sandstone and interbedded
mudstone .

Light-colored lenticular sand-
stone interbedded with red-brown
siltstone and mudstone., Contains

uranjum-vanadium deposits locally.

Even-bedded red sandstone inter-
bedded with reddish-brown silt-
stone and mudstone.

Light-colored massive crossbedded
sandstone.

Irregulexrly bedded red siltstone
and sendstone.

Forms slope below upland and
above steep-walled inne: canyons;
generally covered with colluvium.

Forms intermediate slope below
the gentle slope, of the Brushy
Basin and above the steep cliffs
of the Salt Wash member in
southern part of Montezuma
Canyon area. Member grades into
Brushy Basin to the north.

Forms series of steep cliffs and
small benches in inner canyons.

Forms steplike slope below steep
canyon wa’ls formed by the Salt
Wagh member of the Morrison.

Forms rounded cliffs along the
base of the canyon walls in
uppexr Montezume Cenyon and its
tributaries.

Crops out locally in upper
Montezuma Canycn.

Jurassic .
“Jurassic(r) =~ sandstone

Light-colored massive crossbedded
sandstone, base not exposed.

A few scattered outcrops in upper
Montezums Canyon near creek level.
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with Montezuma Creek has a throw of 180 feet, the largest measured in
the area,

The uranium deposits of the Sage Plain area are chiefly in thick,
massive sandstone beds of the Salt Wash member of the Morrison forma-
tion. Most deposits are in prominent lenticular sandstone beds from
20 to more than 100 feet thick, but some are in thinner sandstones;
at least two deposits are in beds only about 10 feet thick. The
mineralized rock may occur in the middle, upper, or lower part of a
particular lens, anywhere between the center and the edge of the lens.
Very few ore bodies occupy distinct "channels®. Many ore bodies are
about midway between the upper and lower contacts and near the edges
of the large lenses, and commonly are near accumulations of carbonaceous
materials, such as fossil logs. Near ore bodies the normally red nmmd-
stones and sandstones of the Salt Wash member are "bleached" or
Maltered"; this Malteration" is most conspicuous where the normally
red mudstones have been changed to a light greenish-gray along con-
tacts with permeable sandstone. Similar features are widespread through-
out the Salt Wash member but are most prevalent near the uranium-
vanadium deposits.

Many of the significant ore deposits are in a relatively small
area in Middle Montezuma Canyon, and all of the important mines are in
one large lens of sandstone in the middle of the Salt Wash member.
This lens has a maximum exposed thickness of 110 feet and a length of
13,000 feet, and grades at both ends into thinner sandstone beds

separated by tongues of mudstone. Drill-hole information indicates
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that the ore sandstone is a sinuous asymmetric lens having a maximum
thickness of about 150 feet. No systematic relationship between the
location of the ore deposits and the shape of the lens has been found.
Some ore deposits are near the edges of the lens; some are near the
top; one deposit is near the middle; and still others are near the
base of the lens,

Geochemical studies to investigate the distribution of the ore and
associated elements within (1) all geologic formations present; (2) the
Salt Wash member of the Morrison formation; and (3) ore bodies indicate
that the uranium-vanadium content of the rocks is at essentially
"background® levels beyond 10 to 20 feet from the deposits. This nar-
row nmineralized halo limits the feasibility of geochemical prospecting
for these deposits,

Mine mapping and detailed study of the uranium-vanadium deposits
has revealed a systematic zoning which is most easily recognized in the
" smaller deposits, all of which are similar both in the well-defined
gonation of mineralized and barren rock and in the general shape of
the mineralized zones. Most such deposits consiét of three concentric
zones called thé ore zone, the brown zone, and the gray zone. The ore
zone is a layer or "shell™ of olive-gray sandstone that is impregnated
with the uranium-vanadium minerals simplotite, metarossite, carnotite,
metatyuyamunite, and other unidentified minerals. The brown zone forms
a core inside the ore zone or shell and consists of iron-stained porous
sandstone commonly containing abundant carbonaceous material or plant

fragments. The gray zone, which occurs outside and around the ore zone,



is a light-gray sandstone tightly cemented with carbonate minerals and
commonly freckled with limonitic specks. Radiometric studies and
chemical analyses of these zones indicate a sharp reduction in quantity
of the ore minerals in both the brown and gray zones as compared with
the ore zone (table 3). Geochemical studies show that in comparison

Table 3.--Uranium-vanadium content of samples from
three geochemically defined zonesi*

U30g V205 Ratio
Mine Zone (percent) (percent) U308/V205
Coyote No. 1 Brown 0.004 0.11 1:27
Ore 0.012 2.75 1:229
Gray 0,001 0.38 1:380
Bradford No. 6 Brown 0.007 0.46 1:65
Ore 1.5, L35 1:3
Gray 0.015 0.23 1:15
Blue Jay No. 3 Brown 0,006 0.015 1:2
Ore 0.021 1.76 1:84
Gray 0.021 0.27 1:13
Strawberry Brown 0,006 048 1:80
Ore 0.024 2.23 1:93
Gray 0,004 0.13 1:32

# Chemical analyses by Ce. G. Angelo, J. P. Schuch, and J. S. Wahlberge.

with the gray zone, both the ore zone and the brown zone contain an

abundance of iron, cobalt, nickel, molybdenum, magnesium, and other

elements commonly abundant in uranium-vanadium ores. The gray zone con-
tains very little besides the common rock-forming elements of the
quartzose éandstone and its calcite cement.

The size and shape of the ore zone is similar in all of the small

deposits. The zone is commonly between 20 and 40 feet in length, 10 and
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20 feet in width, and 4 and 10 feet in thickness, and commonly is
shaped like an irregular flattened ellipsoid. Local irregularities
in shape are caused by mudstone layers and by abundant carbonaceous
material, such as trees or accumulations of macerated plant material
in trash pockets,

The ore layer itself ié comuonly between 0,3 and 2 feet in thick-
ness. Locally it follows the bedding or crossbedding planes of the
sandstone lenses; elsewhere the ore zone cuts across one crossbedded
lens into another and curves around to form the ends or the sides of
the ellipsoidal shell. No obvious or consistent control of the loca-
tion, direction of elongation, or size of the ore bodies by jointing,
crossbedding, or other sedimentary structures has been observed.

Similar zones are recognizable by detailed study at some of the
larger uranium deposits. The ore zone at the Lucky Boy mine is more
than 70 feet wide and 120 feet long (fig. 11); the cross section
(fig. 12) shows that it is somewhat irregular but is a single'continuous
surface, In some of the larger mines the zonation is more complicated,
indicating that there may have been several stages of overlapping zonal
development,

Chemical rather than physical controls appear to offer the best
exﬁlanation for the formation of the zoned deposits. Because of the
ellipsoidal shape of the ore zone and its radial symmetry it appears

that the ore minerals may have been transported toward it from all

directions in the same manner as silica is transported from all directions

towards a growing geode or concretion. This transportation of ore
elements radially inward toward the ore bodies is more suggestive of

diffusion in a nearly stagnant fluid saturating the sandstone than of
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FIGa1 .--MINE MAP OF THE LUCKY BOYYMINE, MONTEZUMA
CANYON, SAN JUAN COUNTY,UTAH, SHOWING THICKNESS
OF MINEDALIZED SHELL
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solution flow. It is hypothesized that what is now the brown zone was

once saturated with a reducing solution containing soluble organic
compounds derived from the organic material. It is also hypothesized
that the outermost zone was saturated with an oxidizing solution con-
taining uranium and vanadium., As these two solutions reacted the ore
metals diffused towards the brown zone and were reduced and precipitated
in the ore layer., Weathering and oxidation has since altered the
original primary minerals without noticeable leaching of the ore metals.

Zonation of the uranium-vanadium deposits is of economic interest
as recognition of the presence and habit of these shells may be an aid
to prospecting. In many mines and prospects ore has been mined either
in the lower ore layer, the upper layer, or along part of the edge of
an ellipsoidal ore shell, but in some places the possibility of finding
more ore elsewhere along the edge of the brown zone has‘not been tested.

La Sal Creek area, Colorado and Utah
Wo De Carter angyJo L. Gualtieri

Geologic studies of and exploration for uranium-vanadium ore
deposits in the Salt Wash member of the Morrison formation of Jurassic
age in the La Sal Creek area (fig. 13) were started by the Geological
Survey in 1952 and will be completed in the summer of 1957, The
drilling program, which began in 1952 and was completed in 1954, out-
lined a favorable area known as the "La Sal Creek mineral belt", and
discovered approximately 115,000 tons of indicated and inferred reserves,
nearly half of which had been mined at the end of 1956. The potential
reserves of the area are considered to be several times the figure

quoted. Additional results of the program have been reported in TEI-540,
po 36"38, al'}d TEI"620, po 57-600
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Geologic mapping of the Mt. Peale-l l5-minute quadrangle (fig.
13), comprising approximately 240 square miles in San Juan County,
Utah, and Montrose County, Colorado, was completed during the summer
of 1956, The quadrangle contains, in its eastern part, portions of
Sinbad and Paradox Valleys, which are collapsed and eroded salt anti-
clines now covered with broad sheets of alluvium. Sinbad and Paradox
Valleys are surrounded by high cliffs composed of upturned sedimentary
rocks, Near its western edge, the quadrangle includes part of the La
Sal Mountains, the most prominent topographic feature of southeastern
Utah. Elevations in the quadrangle range from 5,560 feet in the
southeastern part to 12,721 feet on Mt., Peale, from which the quad-
rangle takes its name.

Stratigraphy

The consolidated sedimentary rocks exposed in the mapped area
range in age from Pennsylvanian to Tertiary and are described in the
columnar section (fig. 14). In the western part of the area, these
sediments were uplifted and intruded by laccolithic igneous rocks of
late Cretaceous(?) and Tertiary age which form the core of the La Sal
Mountains.

The oldest exposed sedimentary formation, the Hermosa formation
of Pennsylvanian age, crops cut in the floor of Sinbad Valley and con-
sists of a highly deformed, uplifted intrusive core of plastic evaporite
beds overlain by folded and faulted limestone beds. The Rico (Pennsyl-
vanian and Permian(?)), Cutler (Permian), Moenkopi, Chinle, Wingate
(all Triassic), and the Kayenta (Jurassic?) formations crop out along
the margins of the floors of Sinbad and Paiadox Valleys, in the cliffs

surrounding those valleys, and in the hogbacks bounding the igneous rocks
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of North and South Mountains. The Navajo sandstone (Jurassic and

Jurassic?), Entrada sandstone, Summerville formation and the Salt Wash
member of the Morrison formation, all of Jurassic age, are exposed in
fault blocks and cliffs surrounding the valleys, in the floors and
cliffs of the deeper canyons, in the hogbacks of North and South
Mowntains, in outcrops within the Middle Mountain group and as an
isclated block on top of Mt., Peale, The Brushy Basin member of the
Morrison crops out on benches bordering deep canyons and in the more
shallow canyons separating mesas capped by the Burro Canyon formation
and Dakota sandstone of Cretaceous age which cover much of the area.
The Mancos shale (Upper Cretaceous) crops out in synclinal folds such
as those in La Sal and Geyser passes and along Geyser and Deep Creeks.
A consolidated conglomeratic sandstone composed of reworked fos-
siliferous Mancos shale, sandstone pebbles, boulders derived from rocks
of almost the entire stratigraphic sequence, and igneous rock debris
rests on folded beds of the Mancos along Geyser and.Deep Creeks in the
Taylor Creek syncline. This unit, for convenience here called Deep
Creek conglomerate, is estimated to be as much as 600 feet thick near
the synclinal axis. The beds are also folded, dipping westward as
much as 25° toward their source in the mountains. The so-called Deep
Creek conglomerate is overlain by unconsolidated gravels correlative
with Richmond?s (1957) Harpole Mesa formation, the oldest Quaternary
formation in the La Sal Mountain region, and is therefore thought to
be of Tertiary age and probably correlative with Huntt's (1956, p. 30)
Castle Valley conglomerate which he believes to be of Pliocene age.
Deposition of the so-called Deep Creek conglomerate, however, may have

begun as early as or prior to Miocene time when the youngest igneous
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intrusions (date based on zircon age determinations by Howard Jaffe,
U. S. Geological Survey) of North Mountain breached the surface and
erupted exposively (Hunt, 1956, p. 43). Faulting along the crest of
North Mountain and erosion of the overlying sediments may have
facilitated such explosive action.

Igneous rocks

The igneous rocks exposed in the map area consist of dioritic
porphyries with hornblendic inclusions, and occur as stocks, dikes,
sills, laccoliths, and bysmaliths. These rocks have been described
by Gould (1926) and more recently by Hunt (in press) who describes
two additional periods of intrusion, later than that of the dioritic
rocks, marked by the presence of porphyritic monzonite and syenite.

As the igneous rocks have already been studied in considerable detail,
the La Sal Creek project was concerned mainly with the relationship
of the igneous rocks to the structure of the surrounding sediments
and to the uranium deposits in the area.

Structure

The most prominent structural features in the area are the anti-
clinal uplifts of North and South Mountains, the intervening domal
uplift of Middle Mountain and the collapsed anticlines of Sinbad and
Paradox Valleys. These features trend N. 450-60° W, North and South
Mountains connect, respectively, the Paradox-Castle Valley and Gypsum-
Spanish Valley anticlinal folds which were formed by periodic uplift
of deformed plastic evaporites., Intrusive salt and gypsum masses are
also believed to have formed the Pine Ridge anticline and Wray Mesa
dome which lie between and connect the South Mountain and Gypsum Valley

anticlinal structures. Between these major structures the sediments
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are gently folded into minor anticlines and synclines which, in many
places, are faulted due to intrusion of igneous masses or to intrusion
and collapse of plastic evaporites. The major faults, probably the
result of tensional forces, parallel the crests of the anticlinal
folds and a secondary set, of similar origin, are roughly perpendicular
to the major set, Two rotational faults resulted from uplift by two
intrusive masses located on opposite ends and on opposite sides of the'
fault plane, In the Middle Mountain area faults and fractures radiate
from a central stock. Many of these fractures have been intruded by
diorite porphyry dikes; others make the lateral limits of intrusive
laccolithic lobes.

The structural history of the Mt. Peale-l quadrangle is an integral
but small part of the history of the Colorado Plateau in which changes
of thickness and extent of sedimentary formations and angular, erosional
surfaces along portions of their contacts, especially near salt anti-
clines, mark the periods of structural development. Uplift of the
northwest<trending Uncompahgre arch, a highland of Precambrian rocks,
at the end of the Pennsylvanian period was accompanied by faulting on
its southwestern flank and rapid deposition of the arkosic sandstones
and conglomerate of the Cutler formation of Permian age. The weight of
these thick sediments along the southwest flank of the Uncompahgre
appears to have iniatiated plastic flowage of the underlying evaporites
of Pennsylvanian age, causing thinning near the Precambrian granitic
arch and increased thicknesses farther away. The spacing and trend of
the resultant anticlines may have been largely controlled by faults in
the basement complex, Once the pattern was set it appears that individual

salt plugs and sometimes clusters of them were uplifted in a fashion that
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was spasmodic both in time and geographical area. In general,
however, the greatest anticlinal development took place during Permian
through Middle Triassic time and in Late Cretaceous-Early Tertiary
time. Between these periods of deformation these is local evidence of
minor uplifts during Late Triassic, Early Jurassic, and possibly Late
Jurassic time. Accompanying Late Cretaceous~Early Tertiary folding
were intrusive igneous magmas which rose along faults from depths
below the pre~Pennsylvanian basement and formed the laccolithic
mountains of the Colorado Plateau. Of these, the La Sal Mountains
form an isolated group consisting of three intrusive centers aligned
along a north~-south trend. The large laccolithic intrusions surrounding
the north and south centers have uplifted the entire stratigraphic
sequence from the Rico (in part, the upper Hermosa limestone) through
the Mancos formation. In general the intrusions lie within and con-
form in shape and orientation to pre-existing anticlinal folds. The
domal uplift of the Middle Mountain intrusive mass within the inter-
vening syncline, however, presents a wider variety of geologic forms
and structures.

Studies of the structural relationships between the sedimentary
rocks and the laccolithic bodies of Middle Mountain suggest that there
may be an inverse relationship between the stratigraphic position and
order of emplacement of the various laccolithic lobes. For example,
the Mt., Mellenthin laccolith, intruded in the Mancos shale, is on the
downthrown side of an arcuate fault which separated it from the Mt.
Peale bysmalith, and from the Two Mile Creek and Blue Lske laccoliths
to the south and east, The Mt. Peale bysmalith, on the other hand, is

on the upthrown side of the fault and is capped by beds of the Navajo(?),
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Entrada, Summerville, and Morrison formations. The Mt., Peale
bysmalith, the adjacent Two Mile Creek laccolith, and possibly the
- Blue Lake laccolith appear to have been intruded along or below the
Kayenta-Navajo contact. It appears that the Mt. Mellenthin laccolith
formed first, intruding the most incompetent sediments within the
syncline, The highly viscous nature of the magma and the load of the
igneous mass may have combined to seal off the channels along which
it had risen and thus forced later magmatic surges along less resisiant
avenues at lower stratigraphic horizons. Such a process combined with
a radial fault and fracture pattern around the central stock may well
account for both the radial and vertical distribution of the laccoliths.

Ore deposits

‘Most of the 27 mined deposits in the map area are within the upper-
most continuous sandstone of the Salt Wash member of the Morrison forma-
tion of Jurassic age. The Hesperus, Uranium Girl, and portions of the
Maud mine are in a thin, lenticular sandstone situated a few feet above
the main ore-bearing unit, but are within the Salt Wash. The Brushy
Basin No., 1 and 2, Lucky No. 1, Sumner, and Too High deposits are
contained in thin, lenticular conglomeratic sandstone of the overlying
Brushy Basin member. The Jackpot mine is in a highly faulted area and
is considered to be contained in a fault block of Wingate sandstone of
Triassic age.

The principal ore-bearing sandstone of the Salt Wash is composed
of very fine to medium-~coarse grains of subrounded to angular quartz
with minor amounts of red and green chert and black opaque accessory
minerals, cemented together largely by carbonate minerals, and, in

places, by silica. The sandstone ranges from a knife edge to about



93
100 feet in thickness and is a composite of many sandstone lenses of
differing thickness and extent. Many of these are separated by layers
of mudstone ranging from microscopic films to several feet in thickness.

Uranium-vanadium deposits occur as individual ore bodies or
clusters of ore bodies in areas between the thickest parts of sandstone
lenses and where the lenses begin to thin rapidly. The largest and the
greatest number of ore bodies are situated near the base of the sand-
stone and.appear to have been localized along an ancient stream channel.
Drilling and mine mapping indicate that carbonaceous debris accumlated
in or near stream scours bordered by cusps projecting into meandering
channels., This debris, where accompanied by crossbedding in the sand-
stone, appears to have provided the proper environment to serve as
centers within and around which ore elements in solution were concen-
trated and eventually precipitated. Localization appears to have been
due largely to primary sedimentary structures in the sandstones.
Fractures and faults in the area appear to be post-ore and are related
only to deposits of oiidized minerals considered to be of later origin
than the major deposits.

The ore minerals impregnate sandstone and replace fossil logs and
finer carbonaceous debris; they are contained in flat-lying tabular
layers, rolls, and pod-like ore bodies. A large suite of uranium,
vanadium, and accessory minerals representative of both unoxidized and
oxidized deposits has been identified. In most cases, the degree of
oxidation in the deposits is indicated by the ratio of vanadium to
uranium contained in the ore. In the La Sal Creek area these V:U ratios

range from A4:1 to 1lh:1 and average about 6:1.
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Origin

Mapping revealed no evidence that the ore minerals of the La Sal
Creek area were deposited from solutions associated with the La Sal
~ Mountain intrusions. Study of a recently discovered occurrence of
extremely small concentrations of radiocactive asphaltitic(?) material
near native silver in sandstone of the Chinle formation in the Cashin
copper mine (just east of the map area) may indicate the presence of
minerals possibly deposited by hypogene solutions. This occurrence,
which suggests either a hypogene or petroliferous source for the
metals, has not yet been directly associated with the major uranium-
vanadium deposits of the area.

Any hypothesis of origin for the uranium-vanadium deposits in the
La Sal Creek area must account for the following geologic relationships:
(1) the deposits are contained in channel~type sandstone beds, and
localization of the deposits is largely by sedimentary structure;
(2) the deposits lie as clusters within a favorable belt-like area
within channel scours of a major Salt Wash stream which can be traced
or projected to other channel deposits in the surrounding area; (3) the
distribution of deposits shows no relationship to any structural features,
and where faults and fractures transect, or are close to, ore bodies the
unoxidized minerals appear to be of earlier origin; and (4) recent
discoveries of ore deposits and ground favorable for deposits near the
jgneous bodies of the La Sal Mountains have not shown any zonal arrange-
ment of uranium-vanadium and copper deposits.

The following report was published during the report period:

Carter, Wo Do, 1957, Disconformity between Lower and Upper

Cretaceous in western Colorado and eastern Utah: Geol.
Soc. America Bull., v. 68, p. 307-31L.
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Geochemical studies during the report period have been devoted
mainly to preparation of samples for analysis, study of analytical
results received, and a comparison of ore-bearing and barren rocks
from the lower part of the Chinle formation.

The locations of mines that have produced ore from the Chinle
formation in the Big Indian mining district are shown in figure 15,
The V205:U30g ratios calculated from production records through 1956
are also shown. In general, the V305:U30g ratios decrease northwest-
ward/and downdip (toward the southwest); however, the rate of change
of the ratio is much greater in the downdip direction. Even within
the Mi Vida, the largest mine in the area, there is a definite dif-

ference in the ratio between the downdip and updip part of the ore
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body (N. E. Salo, U. S. Atomic Energy Commission, oral communication).

Analytical results from mill pulps representing six of the mines
are summarized in figures 16, 17 and 18, Only vanadium, molybdenum,
and strontium tend to change markedly in concentration from the south-
east to the northwest part of the district—a distancg of about 10
miles (figs. 16 and 17). Both vanadium and molybdenum show a pronounced
decrease to the northwest whereas strontium increases to the northwest.
The vanadium is present in most of the mines as vanadium clays and
montroseite (T. Botinelly, U. S. Geological Survey, oral communi;ation)o
Molybdenum occurs in the unoxidized ores as jordiéite (colloidal
MoS5?, identified by E. Jo Young, Us S. Geological Survey, written
commnication, 1956) and as molybdenite (T. Botinelly, oral communication),
On oxidation the molybdenum sulfides react to form ilsemannite
(Mb308onH20?) which occurs as a blue coating on some of the ore in the
Continental Incline No., 1 mine and at the Divide incline., No molybdernum
minerals have been reported in ores from mines north of the Mi Vida.
Strontium, which is low (0.0l to 0.02 percent) in mines in the south-
eastern part of the district, increases to a maximum of Oo7lpercent in
one mill pulp from the Radon ore body. vCoarsely crystalline celestite
occurs along a fault in the Radon mine (E. B. Gross, U. S. Atomic Energy
Commission, oral communication).

lead, copper, and cadmium are present in some ore bodies in
anomalous amounts; and galena, native copper, chalcopyrite, malachike,
azurite, and greenockite (CdS) have been recognized in the ores. These
elements, however, do not show a systematic change in concentration
from the southeastern to the northwestern part of the district. Galena

has been identified in the Continental Incline No. 1 mine, the Mi Vida
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mine, and the La Sal shaft, and probably is present in other mines.

Native copper and chalcopyrite occur in ore from the Standard mine;
chalcopyrite is locally concentrated in the Mi Vida; and one sample
high in chalcopyrite has been obtained from the Radon mine. Malachite
and azurite commonly occur with the copper sulfides. Greenockite, to
the writerst knowledge, has been found only in fossilized logs from the
Mi Vida mine (E. B. Gross, oral communication).

Slight to moderate increases in the Al, B, Be, Cr, K, Na, Ni, Sec,
and Ti content of the ores northwestward in the district suggest that
the average grain size of the ore tends to decrease toward the north-
western part of the district as these elements are known to increase
with decreasing grain size (Rankama and Sahama, 1950, p. 226).

Mine studies indicate that the boundary between comple£ely.barren
rock and ore is generally sharp in the uranium-vanadium mines, but
relatively few data are available to determine how sharp this boundary
is for elements other than uranium and vanadium. Nonradioactive carbon-
aceous material near ore may contain unusual amounts of elements other
: than uranium, which might possibly form a "Mhalo" of elements derived from
the solution that deposited the uranium ore. Carbonaceous material in
many places forms the core of high-grade ore masses, suggesting that such -
material was more reactive to the ore solutions than ordinary rock.. If
a "halo"™ is present around the ore, it should be readily detected in
carbonaceous material. In a study of this problem a "barren™ log--which
was actually very slightly radioactive--in contact with high-grade
uranium-vanadium ore in the Standard mine was compared in chemical com-
position with two samples of highly carbonacecus rock collected from

drill core believed to be more than 1,000 feet from any mineralized area.
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Each of the three samples were separated into six fractions on the
basis of specific gravity, and fractions of equal specific gravity
were. compared chemically. The concentrations of the rare earths
yttrium and ytterbium were higher by a factor of 5 to 10 times in
fractions of organic material near ore than in similar fractions far
from ore, Niobium was detected in the organic fractions near ore but
not in most organic fractions far from ore. The concentrations of
other elements in the organic material near ore were the same as or
lower than that of organic material far from ore., Further work may
indicate how far from uranium-vanadium ore anomalous concentrations
of yttrium and ytterbium can be detected.

‘Vanadium and barium concentrations are higher in the mineral
fraction $f the sample near ore than in the mineral fraction far from
ore, but vanadium and barium in the organic fractions near ore do not
show a corresponding increase. Apparently, vanadium and barium,
although available to the organic material near ore, were not precipi-
tated to any great extent as metallo-organic compounds.

Analyses for uranium and equivalent uranium are available only
for the fractions of the carbonaceous sample collected near ore. In
the organic fractions the ratio of chemical uranium to its daughter
products is high as indicated by U:eU ratios of 11:1 and 4:1. In the
hea#y mineral fractions, on the other hand, the daughter products are
high relative to the uranium present and this is indicated by UzeU
ratios of 0,02:1 and 0.,2:1., Radioactivity analyses by Jehn N. Rosholt
(U. S. Geological Survey, written communication) indicate that most of
the radioactivity in the heavy mineral fraction having a UteU ratio of
0.2:1 is due to Ra?26, Rn?22, and Pb?10, This suggests that radium
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derived from the nearby ore may have been precipitated on barite
present in the fossilized log. Rn??2 and Pb219 are the daughter products
of the Ra226.

As part of thé comparison of ore with barreﬁ rock in the Big
Indian Wash area a study was made of ore samples, and of barren core
from 45 drill holes, most of which are downdip from the producing area.
The results of the study indicate that the ore is in, or closely
associated with, highly quartzose sandstones of the basal part of the
Chinle formation that have a median grain size that is fine to medium
or coarser. This is in contrast to the barren core that commpnly is
composed of mudstone, siltstone, very fine to fine-grained sandstone,
calcarenite, and mud or lime pebble conglomerate.

The following report on the minor structures in Lisbon Vailey area
was published during the report period:

Weir, G. W., Puffett, W. P., and Dodson, C. L., The collapse

structure in Spanish Valley, San Juan and Grand Counties,
Utah (abstract): Geol. Soc. America (53rd Ann. Meeting,
Los Angeles, California, April 1957).

Reference

Rankama, Kalervo, and Sahama, The. G., 1950, Geochemistry:
Chicago, Univ., Chicago Press.
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Moab-Inter-river area, Utah
E. N. Hinrichs angyw. Jo Krummel, Jr.

Field work in the Moab-Inter-river area, Utah, which began in
1954, has been essentially finished and the project is scheduled
for completion by July 1957.

More than 35 uranium deposits of both the bedded and fault-
controlled types have been found in the Moab-Inter-river area, but
less than a dozen have proved commercial., The deposits occur in the
Rico formation of Pennsylvanian and Permian(?) age, the Cutler forma-
tion of Permian age, and the Chinle formation of Triassic age. The
largest ore producers are in the Moss Back member of the Chinle forma-
tion. The two largest deposits are aligned on the south-southeast side
of a structural terrace, shown by the 6,000-foot depression structural
contour, along Indian Creek (fig. 19). The uranium deposits occur in
and along west-northwest trending channels cut 10 to 15 feet into the
Moenkopi formation., Throughout the area the Moss Back member of the
Chinle formation is a gray conglomeratic sandstone, with minor amounts
of siltstone and claystone., Within a few thousand feet of the two
largest deposits are several masses of Moss Back which are red and brown
due to hematite and goethite. These minerals probably formed as altera-
tion products of pyrite. Spectrographic analyses of samples from near
one of the largest deposits indicate that a zone of anomalously high
barium and cobalt occurs within 10 to 40 feet of the deposit. The ore
consists chiefly of uraninite, pyrite, sparse sphalerite, and galena.
It is high in lime and low in vanadium and copper. The uraninite is

associated with the younger of two generations of pyrite. Some of the
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younger pyrite is intergrown with cobaltite. Ilsemannite and bieberite

appear on the rims of a few carbonaceous logs exposed to the air. The
ore contains 2-3 percent iron, whereas barren Moss Back rock contains
0.5~1 percent iron. Most of this iron is probably in the form of
pyrite. These pyritiferous deposits are relatively shallow, are being
oxidized, and could perhaps be detected by temperature prospecting in
dry shallow drill holes.

Asphaltite and petroliferous rocks are closely associated with
uranium deposits on the crests of two oil- and gas-bearing anticlines.
Oxidized uranium-vanadium-copper deposits with common asphaltite and
barite occur along faults on the Cane Creek anticline. Tyuyamunite is
disseminated in a bed of petroliferous sandy limestone in the Rico
formation on the closely jointed crest of the Gibson anticline.
Asphaltites, o0il, and brine from the Paradox member of the Hermosa
formation contain percentages of barium, chromium, strontium, and
vanadium comparable to those in the uranium deposits. The Paradox is
very possibly the source of the carbon compounds and vanadium in the
deposits; wvanadium in the ash of oil from wells on the Cane Creek anti-
cline is as high as 5 percent.

Small oxidized copper-uranium deposits that lack conspicuous carbon
compounds are numerous in the Cutler formation, particularly on the
northern flanks of the Gibson and Lockhart anticlines. This distribution
can perhaps be explained by the action of hydrogen sulfide that rose
along joints and faults on the anticlines, dissolved in ground water,
and flowed to the northeast down the regional dip., Uranium in the
ground water could have been reduced and precipitated by hydrogen sulfide

(Grutt, Po 5)0
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Grutt, E. W, Jr., 1957, Environment of some Wyoming uranium

deposits: Am. Inst., Min., Met. Eng. Special Paper no.
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Orange Cliffs, Utah
F. A, McKeown, P. P?yOrkild, He. B. Dyer,
and R, W, Hallagan

Geologic mapping in the Orange Cliffs area was started in 1955.
Photogeologic techniques have been msed in conjunction with field mapping
in the area of sixteen 73-minute quadrangles and have proven most useful.
The program will continue into next year, being scheduled for completion
in the summer of 1958.

During the report period emphasis has been placed on study of
regional guides to uranium deposits in the Orange Cliffs area. As part
of this study, several isopach maps of various units were constructed;
maps of the Chinle formation and its members, the Monitor Butte and Moss
Back, are included in this report.

A1l of the uranium occurrences in the Orange Cliffs area are at
or within about 20 feet of the ﬁbenkopi—Chinle formational contact.

The isopach maps do now show any clear-cut relation of uranium occur-
rences to regional variations in thickness or to pinchouts. A slight
congruity of occurrences with tﬁe thick lobes of sediments of the Chinle
formation trending east-west south of the Garfield-Wayne Coﬁnty line is
suggested (fig. 20). A possible spatial relationship of uranium occur-
rences to the 40- and 60-foot isopach lines is also suggested in both
figures 21 and 22. These associations, however, are not now considered

significant.
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The isopach maps support certain interpretations previously
made regarding the sources and lateral variations of the rocks of the

Chinle formation. Figure 20 indicates that the source of sediments of
the Chinle formation was to the southeast, as the total thickness of
the formation increases in that direction.

Figure 21 indicates that the Moss Back member of the Chinle forma-
tion thickens toward both the southeast and northwest. Measurements of
the direction of cross-strata, however, show that streams that deposited
the sediments pf the Moss Back member generally flowed to the west or
northwest in the Orange Cliffs area, indicating that the source of the
Moss Back was to the southeast. The Monitor Butte member (fig. 22),
however, increases in thickness to the southwest. Where the isopach -
lines of the Monitor Butte show a rapidly decreasing thickness (the
60- to 20-foot northernmost isopach lines on figure 22) the isopach
lines of the Moss Back show a rapidly increasing thickness (fig. 21).
In the same area the total thickness of the Chinle decreases to the
north but increases again in the vicinity of the zero isopach line of
the Monitor Butte, This variation in total thickness of the Chinle,
therefore, may be independent of variations in the lower two members.

It can be inferred from these data that the pinchout of the Monitor
Butte member may not be simply the result of onlap of the Chinle forma-
tion on the Moenkopi formation as suggested by Stewart and others (in
preparation), but may represent a facies change in the lower part of
the Chinle due to difference in source of the sediments in the areas
underlain by the Moss Back and Monitor Butte members.

Field observations support this inference. In South Hatch Canyon

and along the east side of North Block in the Orange Cliffs area,
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discontinuous lenses of sandstone grade laterally from Moss Back-type

lithology to Monitor Butte-type lithology. An outcrop of a sequence
of contorted interbedded rocks that has well-developed characteristics
of both types of lithologies occurs in Happy Canyon.

These data and interpretations do not dispute the concept that
some units of the Chinle formation are thinned or pinched out as the
result of onlap on the Moenkopi formation. Within the Orange Cliffs
area, however, the available evidence suggests a more complex history.

San Rafael Swell, Utah
by

Co. Co Hawley

The geologic environment and occurrence of uranium in the Temple
Mountain district, Emery County, Utah, apparently differ in several
respects from those of other uranium-vanadium deposits on the Colorado
Plateau. The uranium deposits at Temple Mountain are chiefly in the
Moss Back member of the Chinle formation, but mineralized rock (or ore)
occurs in at least five other stratigraphic horizons. The deposits are
spatially associated with collapse structures which are roughly elliptical
masses of altered rock that have been warped and/or faulted below their
normal stratigraphic position. The deposits differ from other deposits
within the San Rafael Swell in metal content, associated alteration, and
occurrence and form of the ore bodies, but are similar in gross miner-
alogy. The deposits at Temple Mountain are similar to the uranium-
vanadium deposits in the Morrison formation of southwest Colorado in
metal content, form and habit of ore bodies, distribution of elements

within ore bodies, and associated alteration.
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General geology and collapse structures of the Temple Mountain
district

Rocks of Permian to Jurassic age are exposed in the Temple Mountain
district. The stratigraphic section in the immediate area of Temple
Mountain (fig. 23) consists of the Moenkopi formation, the Chinle forma-
tion, the Wingate sandstone--all of Triassic age--and some of the
Kayenta formation of Jurassic(?) age. The Coconino sandstone and
Kaibab limestone of Permian age crop out in canyons north of Temple
Mountain, and the Navajo sandstone (Jurassic and Jurassic(?)) and
Carmel formation (Jurassic) crop out to the east.

The Moenkopi formation is divided into three members by the Sinbad
limestone member which occurs about 120 feet above the base of the
Moenkopi. Within the district, the Sinbad is a dolomite; in other
parts of the San Rafael Swell it includes limestones., The Chinle forma-
tion is also divided into three units: (1) a lower unit that contains
rocks of both the Monitor Butte and Temple Mountain members; (2) the
Moss Back member; and (3) the Church Rock member. The Moss Back member
may be further subdivided into four more or less distinet lithologic
units. One of these, a mssive outcropping, fine-~ to medium-grained,
clean,somewhat calcareous sandstone that is everywhere petroliferous,
contains most of the ore deposits., This unit is typically underlain
by conglomeratic sandstone and overlain by lime-pebble conglomerate and
flaggy sandstone units. This subdivision of the Moss Back is approxi-
mately the same as recognized by Stokes (writtenicommunication, 1947)

and Wyant (written communication, 1953).
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Rocks in all units from the Coconino sandstone to the Navajo
sandstone are locally petroliferous. Petroleum is particularly
abundant near the top of the Coconino sandstone, in the Kaibab lime-
stone, in dolomite and sandstone of the Moenkopi formation, in the
Moss Back member of the Chinle formation, and in the Wingate sandstone
on Temple Mountain.

Several of the rock units are characteristically altered on a
district-wide or larger scale. In the lower unit of the Chinle forma-
tion, ferric iron (in hematite) has been displaced from fractures and
recrystallized; sulfide-bearing chert and carbonates have also formed
in rocks of the lower Chinle. Practically all of the rocks of the Glen
Canyon group--the Wingate sandstone, Kayenta formation, and Navajo sand-
stone~~have been bleached; there are only minor remmants of pink to red
Navajo. The bleached rocks of the Wingate contain secondary dolomite
in replacement masses and micaceous silicates that are green in color.
This alteration can be recognized throughout the San Rafael Swell, but
it is more prevalent in the Temple Mountain district. To the south and
north along the southeast flank of the San Rafael Swell the highest
exposed rocks in the Glen Canyon group are shades of red, In general,
the contact between the bleached and normal colored Glen Canyon rocks,
in other parts of the San Rafael Swell, is a level plane crossing the
bedding, showing that this alteration took place after uplift of the
San Rafael anticline.

The district is on the southeast flank of the asymmetric, doubly
plunging San Rafael anticline. It is crossed by northwest-trending
cross folds and cut by westerly striking normal faults. The major faults

strike west-northwest and have vertical displacements up to 200 feet.
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There are also minor east-west and north-northwest striking faults

that are apparently related to the major faults. The northwest-
trending cross folds were apparently formed prior to the normal
faulting.

Occurrences of minor intraformational fractures are confined to
rocks in or near the collapse structures and to rocks in the lower
part of the Chinle formation. The orientation of fractures in the
lower Chinle suggests that they originated by slipping at the contact
of the competent Moss Back sandstones and conglomerates and the less
competent mudstones and siltstones of the lower Chinle during uplift
of the San Rafael anticline.

There are ffve major collapse structures in the district, the
largest of which is at Temple Mountain. The Temple Mountain collapse
has two major and several minor surface expressions (fige 23). The
surrounding rocks dip into the collapse and the boundary of part of
the collapse is a fault contact. The rocks w{ihin the structure are
highly altered and the alteration extends into adjacent rocks for
varying distances., The smaller collapse structures outside of the
map area of figure 23 are similar. Downwarping, rather than faulting,
is prominent in two collapse structures east of Flat Top Mesa; but
there are small pluglike masses of downdropped rocks of the Moss Back
in each. Probably the maximum amount of displacement in the structures
is about 300 feet.

It has been suggested by Kerr and others (1955, p. 79) that removal
of calcareous rocks from parts of the Kaibab limestone and Moenkopi
formation plus outward flaring of the collapse structures at depth is

adequate to account for this vertical displacement. Thinning of beds




117
due to stretching during folding and collapse may contribute to the
amount of apparent displacement.

Three of the collapse structures in the district, including the
Temple Mountain collapse, are near the axis of a northwest-trending
syncline. The two collapse structures east of Flat Top are in the
same syncline, and it is inferred that the collapse structures and

northwest-trending cross warps formed at about the same time.

Alteration accompanying collapse involved removal of carbonates
in the rocks of the collapse structures and intense dolomitization of
parts of the Wingate and other formations. Dolomite has replaced a
zone at the upper Chinle and Wingate contact and has almost completely
replaced large masses of sandstone in the Wingate. Some of the
dolomite masses have very sharp contacts and occur in roll-like forms,
The iron oxide masses found particularly in the upper Chinle, formerly
thought to represent oxidation of pyrite (Hess, 1922, p. 274), were
found by Keys and White (1956, p. 289) to probably represent oxidation
of siderite.

Kelley (in Kerr and others, 1955, p. 31-42) found secondary
kaolinite, sericite, and chalcedony in the altered rocks of the Temple
Mountain collapse.

Uranium deposits of the Temple Mountain district

Uranium deposits occur in all stratigraphic units from the
Coconino sandstone to the Wingate sandstone., The most productive
deposits are confined to the Moss Back and are more abundant and
larger in an area called by Keys and White (1956, p. 296) the Temple
Mountain mineral belt (fig. 23). Smaller deposits of commercial grade

also occur in the Wingate sandstone and in the Temple Mountain collapse

structure.
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The gross mineralogy of the uranium deposits is rather simple.
Asphaltite and pyrite are often the only introduced minerals (or
mineraloids) identifiable megascopically. Montroseite and sphalerite
are common in microscopic amounts in the ore; galena is abundant only
at depth in deposits in the collapse structures. Uraninite, native
arsenic, ferroselite, marcasite, and chalcopyrite are local con-
stituents of the ore. The ferroselite occurs as disseminations in
some ores and in the interstices of the sandstones in bands peripheral
to ore., Gangue minerals are dolomite, siderite, chromium-bearing
silicates, sericite, probably kaolinite, and gquartz. Carbonaceous
materials, other than asphaltite, are petroleum, asphalt, and various
coaly materials. Vitrain is the most abundant of the coaly materials,
but neither vitrain nor petroleum are particularly abundant in the ore. ‘
Coalified logs occur in abundance in the basal conglomeratic sandstone
of the Moss Back member and small coalified fragments are found in
mudstones of the same member. Petroleum, although not abundant in the
ore, is distributed as a halo around ore bodies. There is a common
gradation from disseminated ores into petroliferous rocks.
Vitrain, pyrite, and marcasite, occurring in cells and cell walls
of carbonaceous materials, and minor sphalerite are commonly associated
in the Moss Back near and away from ore bodies. In the disseminated
ores asphaltite (with uraninite), zoned pyrite, minor ferroselite,
montroseite, and sphalerite are closely associated. Uraniferous
coalified wood--which is uncommon in the district--contains

asphaltite (with uraninite), montroseite and a second generation of

sphalerite in addition to the pyrite, marcasite, and sphalerite pre-

viously mentioned.
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It appears that the pyrite and minor marcasite in the cells and
cell walls of woody materials were the first metallic minerals deposited.
Sphalerite and minor amounts of pyrite were deposited after this early
pyrite, while the coaly materials were capable of deforming plastically.
Closely associated sphalerite, montroseite, and asphaltite were intro-
duced after the early sphalerite and occur in zones or fractures cross-
cutting woody structure or early sphalerite bands. Asphaltite is
generally later than the sulfides, uraninite, and montroseite, although
it shows mutual boundary contacts with some montroseite; and is earlier
than small amounts of pyrite, chalcopyrite, and sphalerite., An extremely
fine-grained gray mineral that occurs in blebs, disseminated in the
asphaltite, is probably post-asphaltite uraninite.

The ore deposits, when classified by bulk mineralogy, are
asphaltite-type deposits, with the exception of some small deposits of
oxidized uranium minerals and some small sulfide disseminations found
at depth in the collapse structures. They are dominantly vanadium-
uranium deposits; the average ratio of V205:U30g in the deposits in
the Moss Back member is about 2.9:1.

Both tabular and roll-type deposits occur in the Moss Back member
of the Chinle formation; most ore bodies have at least one roll-type
contact with barren rock. Deposits in the Wingate sandstone are
similar but the rolls are somewhat better defined. Ore in the collapse
structures occurs in pipes, rolls, bedded deposits, and veins.

Most ore deposits in the Moss Back member of the Chinle are
related obviously only to stratigraphic and sedimentary structures,

The gross occurrence of most ore is controlled by favorable lithology;

most of the ore occurs in the massive sandstone facies of the Moss Back
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member. The occurrence of ore in the host rocks is related to the
shape and size of the sandstone hosts, minor intraformational
scouring, the distribution of mudstones, and locally to the occur-
rence of coaly materials., Ore occurrences in the Wingate are in
part related to crossbedding and major bedding planes.

There probably is some fracture control of mineral occurrences
and alteration in the Moss Back and Church Rock members of the Chinle
formation outside the collpase. Low-angle fractures with little
displacement apparently control the occurrence of some ore at the
Vanadium King 5 mine and possibly in the Camp Bird 7 mine. The
high—éngle normal faults in the area are post-ore.

The position of the Temple Mountain mineral belt with relation
to structure contours suggests that it is related to folding and is
later than the uplift of the San Rafael anticline (fig. 23). Recon-
struction of the structure prior to normal faulting shows that all
occurrences in the mineral belt are above the 5,440-foot structure
contour drawn on the base of the Moss Back member of the Chinle formation.

Vanadium and uranium in deposits in the Moss Back member of the
Chinle formation are zoned. The V05:U30g ratio ranges from 2.15:1 to
4.59:1; relatively vanadiferous ores occur in the north-central part
of the mineral belt (fig. 23) and on North Temple Mountain. There is
also zoning around the ore bodies; adjacent to uranium-vanadium
asphaltite ores occur in rocks relatively rich in vanadium, selenium,
nickel, cobalt, magnesium, and chromium.

- Rock alteration spatially associated with ore deposits includes
dolomitization, formation of chromium-bearing silicates, sericite-like

minerals, and crystalline quartz overgrowths. Secondary kaolinite is
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abundant and widespread, but its relation to the deposits is not yet
known, Decalcitization of the rocks containing ore depesits is sug-
gested by zoning of the amount of calcite in the ores and by a
comparison of the calcite content of similar rocks in the barren and
mineralized ground. The relative amount of calcite in the ores
increases southward in the mineral belt, from less than 1 percent in
the northern part to more than 7 percent in the Black Beauty mine
immediately south of the map area (fig. 23).

The history of the formation of ore minerals and associated
minerals and mineraloids probably was long and complex, as indicated
by relations between structures, alteration, and mineral paragenesis.
Cementation by calcite, the formation of minor rounded quartz over-
growths, coalification with attendant pyritization, and the introductién
of small amounts of sphalerite took place prior to the period of major
uranium-vanadium mineralization. The spatial relation of collapse
structures and northwest-trending cross folds suggests that these
structures formed at about the same time. The uranium-vanadium
mineralization is inferred to have taken place after formation of the
collapse structures and apparently was related to the formation of
dolomite, siderite, chromium-bearing silicates, minor sericite, and
possibly kaolinite in the collapse structures and adjacent rocks. The
similarity of this alteration and the regional alteration in rocks of
the Glen Canyon group, which is more prevalent near Temple Mountain,
suggests it may be related, in some way, to the intense alteration near
the collapse structures. The characteristically altered rocks of the
lower unit of the Chinle are more highly bleached and deformed adjacent

to the collapse, suggesting that this regional alteration predated the
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uranium-vanadium mineralization.

The orientation of the Temple Mountain mineral belt suggests that
the mineralization was post-uplift. If the alteration in the rocks of
the Glen Canyon group is related to that adjacent to ore deposits,
there is little doubt that the uranium-vanadium mineralization was
later than the uplift of the San Rafael anticline. Petroleum was in
the rocks prior to uranium-vanadium mineralization.

The ore deposits are believed to be the products of a reaction
of introduced mineralizing fluids containing carbon dioxide with the
petroliferous rocks., The petroliferous affiliation of the asphaltite
is suggested by organic composition and trace element composition, but
is best shown by gradational relations between petroleum and asphaltite.
That the asphaltite was not derived from coal is suggested by the minor ‘
amount of woody material and the occurrence of asphaltite in non-coal-
bearing formations. The occurrence of asphaltite, montroseite, and
sphalerite in fractures cutting vitrain show that by the time of the
main mineralization the coals did not deform plastically and it is
inferred that they had nearly reached their present state of coalification.

The roll ore bodies are believed to have formed as a result of
interface phenomena between two fluids as suggested by Shawe (1956,

Po 241), The competency of carbonated solutions to redistribute oils
is known as a result of secondary recovery work (cited by Garrels and
Richter, 1955, pe 457).

The metallic elements present in the ores may have had several

sources. JSelenium, arsenic, and probably uranium are regarded as having

been introduced into the rocks. The case for the introduction of

selenium is particularly strong as shown by Coleman and Delevaux
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(written communication, 1956). Vanadium may have been introduced or

contributed in part by petroleum or by the destruction of heavy
minerals during alteration.

The alteration associated with the uranium deposits is similar
in some respects to that associated with so-called mesothermal to
telethermal ore deposits; however, the ultimate origin of the
extrinsic fluids is open to conjecturé.
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Circle Cliffs, Utah
E, S. Davidson, L. D, Carswell, and G, A, Miller

Geologic mapping of eleven 7%-minute quadrangles in the Circle
Cliffs area began in 1954 and is scheduled for completion in the sunmer
of 1958, Detailed mapping of rocks of Triassic age in the Circle
Cliffs area has yielded new information on several rock units,
especially the Moenkopi formation. of Early and Middle(?) Triassic
age, and the Chinle formation of Late Triassic age.

| A dolomite near the base of the Moenkopi formation probably

correlates with both the Sinbad limestone member of the Moenkopi forma-
tion, which crops out in the Capitol Reef, and San Rafael Swell, and
the Timpoweap member of the Moenkopi formation, which crops out in the
Grand Canyon region. The Sinbad limestone in other areas contains
the Meekoceras faunal zone, but diagnostic fossils have not yet been
found in Circle Cliffs., The unit is considered to represent the middle
of the Lower Triassic, Thé distribution of the Sinbad(?) member in
the Circle Cliffs area is shown in figure 24. It is generally absent
in the eastern part of the Circle Cliffs, is locally absent in a narrow
zone bordering on the west, and is present in continuous outcrop in the
remainder of the area. It is composed of sandy and conglomeratic dolo-
mite in the east but is a relatively pure ocolitic dolomite in the
remainder of the area. The thickness ranges from about 15 to 4O feet
over most of the area, increasing to a maximum of 80 feet in the north-
west, In the northwest part of the Circle Cliffs area, the unit is
underlain by 5 feet of greenish-gray siltstone which may correlate with
the red siltstone underlying the Sinbad limestone member in the Capitol

Reef area.
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The ledge-forming unit of the Moenkopi formation (TEI-640,

Po 161) overlies the Sinbad(?) member and underlies the upper slope-
forming unit of the Moenkopi formation in the Circle Cliffs. This
ledge-forming unit is heavily asphaltic in a large area in the east,
but is nonasphaltic a few miles north, west, and south of the heavily
asphaltic area (fig. 25). The distribution of asphaltic rocks has no
correlation with the position of the Cirecle Cliffs anticlinal structure,
and contacts of asphaltic and nonasphaltic rocks are offset by faults.
Presumably the asphaltic material was distributed before upwarping of
the Circle Cliffs.

A mottled siltstone unit unconformably overlies the Moenkopi
formation in parts of the Circle Cliffs area. This unit is in turn
unconformably overlain by the Shinarump or Monitor Butte members of
the Chinle formation. The siltstone unit is seen only in cliff
exposures; and because its distribution behind the cliff face is not
known, its occurrence is shown only in a narrow band along the contact
of the Chinle and Moenkopi formations (fig. 26). This unit is pre-
dominantly a siltstone or very fine grained sandstone with a few coarse
and very coarse sized grains of quartz. Most of the clastic material
of silt size was probably derived from the Moenkopi formation. The
color of the rock is purple, dark red, or mottled purple and white;
locally, some of the rock is yellow. The cause of the mottled purple
and white color is not known but the mottling does not appear to be
related to the occurrence of uranium in the Circle Cliffs area.

A1l uranium occurrences in the Circle Cliffs area are associated
with channels of Triassic age cut into the Moenkopi formation and filled

with sandstone of the Shinarump member of the Chinle formation.
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Figure 27 shows the distribution of the Shinarump member of the Chinle
formation along its cliff outcrop and the inferred patterns of the
channels at the base of the member. The channel winding through the
central part of the Circle Cliffs area and trending northwest in the
northern part of the area is thought to be a major channel., The
smaller channels to the east are tributary to this main drainage.

The following report was published during the period:

Davidson, E. S., 1956, Rainy Day uranium deposit, Garfield County,

Utah (abstract): Geol. Soc. America Bull., v. 67, p. 1685,

Elk Ridge, Utah
by
R. Qs Lewis, Sr., and Re H. Campbell

The Elk Ridge mapping project covers an area of approximately
1,000 square miles in San Juan County, Utah. Mapping was started in
May 1953, and continued through September 1956. The project is
scheduled for completion in July 1957. The project area lies between
the Abajo Mountains and the White Canyon area and covers Elk Ridge, the
Needles, and the Beef Basin area (fig. 28). The crest of Elk Ridge
ranges in elevation from 7,000 to 9,000 feet and forms a broad arched
mesa bounded by steep-walled canyons. Physiographically the region can
be divided into two general areas, the high mesa and surrounding lower
mesas. Both are dissected by deep steep-walled canyons.
Stratigraphy

Numerous drill holes in and near the project area have penetrated
crystalline rocks beneath the thick sedimentary cover of Paleozoic
rocks. These rocks are assumed to be of Precambrian age as they are

unconformably overlain by Cambrian sediments.



130

1m°oo0"

et
38°00"

4 5 MILES
i 4

38°00°

I

37°45'

EXPLANATION

—— -
e
CHANNEL EDGES
(DASHED WHERE INFERRED}
ARROW POINTS DOWN STREAM
(DOWNSTREAM DIRECTION
INFERRED FROM DOWN DIP
DIRECTIONS OF
CROSS—STRATIFICATION) ‘\

{
i
!
!
1
I

\
AREAS WHERE SHINARUMP \
MEMBER OF CHINLE AN

FORMATION FILLS CHANNELS
IN MOENKOP! FORMATION

/

AREAS WHERE SHINARUMP
MEMBER IS PRESENT ON
CLIFF OUTCROP

T

CONTACT BETWEEN THE
CHINLE FORMATION AND
THE MOENKOP| FORMATION

Fig2T «--MAJOR LEANNE

~ b

]

PATTERKS A

37°37'30"
111°00'

37°37'30"
meo7'3o"

ND DIST
S N

. -

RIBUTION OF SHINARUMP MENBER OF THE

“ARFIELD COURTY UTAK.




° 3
.TgE NEEDLES .

%
% L 1 1 1 1
BEFf
. F g
\o‘% - ,’\ess,a\ ASIn
3 )

{ .'".'5 . S ) — :
e X0 U g T AT

m g oo S
N - ((‘9 ‘\'\«0 s \ll ;/ ) ;
T /f\ 4_-7,x &// \\‘\\ e
5 ™ v»zﬁ,,*,\v\ /:/ 33"' R\"'\e/fmpps;«
- \/ (4;,//((\ O : ROCKS
§ 6\ \ Q/ \o; \\
K.'f-; o @ \..coo -\ - Ne \3
-,.% '55}_ m\ Q %’0 a & \\ ‘\l
© ‘9\ :
¢ N SN VS N (O I W
N, Uy A ] ) THE VOV
3 % >\ & ST\ | %
s. a 8 k”=%% Z‘ X
% .
- O
OOOO / .\'( ) Hammond.}‘ K
\ ,- ;
8%
v%&
Blanding
A
4 #
e 754 I 5 \
. ”? 00 ,-‘dSE. R.19 EU 109145 R.20E \ j, 32030'_

Fig. 28, --MAP SHOWING MAJOR STRUCTURAL FEATU‘RE"S‘ OF ELK RIDGE AREA, SAK JUAN COUNTY, UTAH.



132

Rocks of lower Cambrian age, known from well logs of holes

both in the Elk Ridge area and to the east of the area beyond the
Comb monocline, are chiefly coarse arkosic sandstone, conglomerate,
and shales., The sequence is usually only a few hundred feet thick
and is overlain by a thick dolomite which has been interpreted to be
upper Cambrian. The top of the Cambrian is marked by an unconformity
and no rocks of Ordovician, Devonian, or Silurian age are known in the
area, The Mississippian rocks unconformably overlying the Cambrian
rocks are possibly equivalent to the lLeadville limestone of central
Colorado, and are overlain unconformably by the Molas formatiom -of
Pennsylvanian age. The lower part of the Hermosa formation of
Pennsylvanian age overlies the Molas formation and is overlain by the

salt, gypsum, and black shale generally assigned to the Paradox member,

The upper part of the Paradox is exposed in the deeper canyons; well-
log data indicates that the unexposed section ranges between 4,000 and
5,000 feet in total thickness. The exposed sedimentary rocks in the
area have an aggregate thickness of about 6,000 feet as shown in
figure 29, The oldest rocks crop out in the deep canyons tributary
to the Colorado River in the northwestern part of the area, and the
younger rocks are exposed along the crest of the Elk Ridge anticline
and in the Comb monocline along the eastern boundary of the area. The
exposed rocks are marine, fluvial and eolian terrestial sediments,
Structure

The Elk Ridge map area is on the northern end of the Monument
upwarp, one of the major structural features of the Colorado Plateau,

The crest of the Monument upwarp enters the area from the south and

plunges out north of the Sweet Alice Hills (fig. 28). The major axis
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of the fold has been mapped on Elk Ridge as the Elk Ridge anticline-—
actually one of several asymmetrical anticlines superimposed on the
major structure., It is probably continuous with the Mitten Butte
anticline mapped by Baker (1936) in the Monument Valley area, Utah.
Because of the broad, nearly flat, nature of the anticlinal crest and
the associated minor parallel folds the exact position of the crest is
difficult to locate, and representation by a single axis can only be
an approximation.

The east 1limb of the anticline is, in part, much steeper than
the west limb, as is characteristic of many of the major flexures of
the Colorado Plateau (Kelly, 1956). Dips along The Comb--the east
limb—ugeneral}y exceed 10° and often are as great as 30°. The steep
dips are, however, restricted to the lower part of the limb., Between
the crest of the anticline and a point about halfway down the east
1limb the dips are similar in magnitude to those on the west limb--generally
2° or less, The inflection point, point of marked steepening, can be
located quite closely in the fieidc The line of inflections has been
mapped as an anticlinal-bend, and is indicated on the map as a line
along which the dip abruptly steepens to the east. Thus in cross section
the major fold is convex upward with a sharp, well-defined bend as noted
on cross section A-At:; (fig. 30).

The minor folds on Elk Ridge appear to form two groups; those within
the major upwarp and undoubtedly associated with it, and those transverse
to the major fold axis north of the upwarp.

The major faults in the area are high-angle graben faults. The
‘major grabens on Elk Ridge proper trend east or northeast and form an

en echelon system with similar grabens in the Abajo Mountains and
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Verdure areas to the east. The numerous grabens in the extreme north-
western part of the map are probably collapse structures associated
with movement of salt in the Paradox member of the Hermosa formation.
They apparently bear little or no relation to the major graben system.

Joints are well developed in all formations and are best exposed
in the massive sandstone of the Cedar Mesa member of the Cutler forma-
tion and in the Wingate and Navajo sandstones. They appear to be
closely related to the major upwarp, but in places are strongly
influenced by local minor doming. Joints in many instances parallel
the direction of the faulting in the northwestern part of the area
where collapse structures are common.

Ore deposits

Uranium ore has been produced from two parts of the Elk Ridge area.
In the southwest, central, and east-central parts of the area, uranium
ore has been mined from sandstone and conglomeratic sandstone at the
base of the Chinle formation. The general limits of distribution of
these sandstones of the lower Chinle define a belt (fig. 31) which is
essentially an eastward extension of the White Canyon mining district
to the west. In the northeast part of the area ore has been produced
from a uranium deposit in basal sandstone and conglomeratic sandstone
of the Moss Back member of the Chinle formation. The mine and prospects
in the Moss Back are considered to be in a southwestern extension of the
Indian Creek mining district.

A few hundred tons of uranium ore were produced from the Elk Ridge
area prior to 1953, The rate of production has been greatest since
1955, and it may be expected to continue to increase in the near future.

Production figures suggest that individual ore bodies range in size from
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a few tons to more than 15,000 tons.

The ore deposits in both the lower Chinle and the overlying Moss
Back member are in lenticular, lithologically similar sandstones and
conglomeratic sandstones of the Chinle formation that were deposited
in and built up above shallow channels cut into the top of the
Moenkopi formation. The ore deposits are flat-lying lenticular bodies,
elongated in the direction of the channels; they appear to thin
laterally from the center toward both sides and longitudinally from
the center toward both ends. There are many local variations in
shape and dimension., Within the deposits, the grade of the mineralized
rock is not uniform but varies greatly over short distances so that
#run-of-mine™ ore is a mixtu}e of high-grade ore with low-grade ore,
sub-ore grade material, and barren rock.

The distribution of the ore deposits appears to be controlled by
the distribution of the channel sediments of the Chinle formation and
their relationship to the contact of the Moenkopi and Chinle formations.
The belt of deposits in the lower Chinle (fig. 31) outlines approxi-
mately the limits of distribution of basai channel sandstones in the
unit. No ore deposits are known to occur in lenses that are not in
contact with the Moenkopi formation, although some of the lenses are
reported to contain small amounts of low-grade ore and sub-ore grade
material. The area where the Moss Back member is "favorable! (fig. 31)
is one in which the lower Chinle is greatly reduced in thickness. At
the one mine known in the Moss Back, the mudstone in the lower Chinle
is locally missing. Elsewhere in the "favorable" Moss Back a few
prospects expose sub-ore grade mineralized material and uneconomic

amounts of low-grade ore where only a few feet of mudstone in the lower
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Chinle separate the Moss Back from the Moenkopi. Outside the area
where the Moss Back is "favorable™ no potentially economic uranium
deposits are known in that unit,although minor amounts of low-grade
and sub-ore grade material have been reported in drill holes,

Within the chamnel-filling lenses of sandstone in both the Moss
Back and lower Chinle observations of detailed local stratigraphy
indicate that the ore deposits almost invariably are immediately over-
lain by mudstone or very argillaceous sandstone lenses or splits having
a lateral extent equal to or greater than that of the ore, which is
in more permeable rocks below. The ore-bearing lenses also appear to
grade longitudinally and laterally into less permeable argillaceous
sandstone and mudstone. In some mines, ore minerals have been deposited
in the lowermost parts of the channel, in some places extending a few
inches to 2 feet (locally more along fractures) into the Moenkopi. The
Notch No, 5 mine, where small amounts of cre have been found as much as
LO feet below the top of the Moenkopi, appears to be the only exception.
In other mines (or more rarely, other ore bodies in the same mine) ore
has been deposited as high as 20 feet above the top of the Moenkopi,
and the basal parts of the sandstone are essentially barren.

As the ore deposits appear to have been formed before or during
the earliest stages of the uplift that produced the Elk Ridge anticline
and the Comb monogline, the only structural control indicated is that
which controlled the deposition of the host rocks. Considering the
shallow nature of the channel scours cut into the top of the Moenkopi
(generally less than 10 feet deep), and considering the relatively
uniform thickness of Moenkopi as opposed to the variations in thickness

of the lower Chinle, the depositional basin that received the sediments
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of the lower Chinle appears to have been controlled by a structural
trough of lower Chinle-post-~Moenkopi age (fig. 32). It is believed
that the outline of the "favorable® area of rocks of the lower Chinle
probably represents the position of the deepest part of the inferred
depositional basin,

Because of the regional and detailed stratigraphic associations
of the ore deposits, the writers believe that the solutions from which
the ore was deposited had an important ascending component to their
direction of flow. The impounding nature of the detailed stratigraphic
setting of the ore-bearing lenses suggests control by "impermeable
barriers® (Lindgren, 1933, p. 200). The ascension and horizontal
movement of dilute, essentially nonreactive, low temperature, ore
solutions through the Moenkopi and, possibly, older rocks might leave
1little or no trace. .Hypofiltration (Mackay, 1946) at mudstone-sandstone
interfaces in the overlying Chinle formation could then have resulted
in an increased concentration of the metallic solutes in the present
site of the ore deposits by allowing the solvent to pass upward more
readily than the solutes. It seems possible that such a mechanism
might alone be responsible for the deposition of the ore minerals;
however, the association of the minerals with organic material in many
places suggests that the presence of ofganic matter facilitated deposition.

The suggested mode of deposition would account for several puzzling
features: (1) the ore deposits are not restricted to the deepest parts
of the channels; (2) the deposits are essentially restricted to sand-
stones of the Chinle that are in contact with the Moenkopi formation;
(3) ore minerals are not found in sandstone lenses of the Chinle that

are separated from the Moenkopi by mudstone of the lower Chinle;
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(4) there apparently are no permeability channelways, interconnecting
ore~bearing basal sandstone lenses of the lower Chinle, that would
allow widespread lateral migration through the lower Chinle; (5) there
apparently is no ore in the Moss Back member of the Chinle where it
is separated from the Moenkopi by mudstone (even though the Moss Back
could provide permeable channelways for the lateral migration of ore
solutions); (6) minor, but anomalously high radioactivity occurs at
the contact of the Moenkopi with mudstone of the lower Chinle; and
(7) there are no signs of strong alteration or other evidence of
passage of concentrated ore solutions through the Moenkopi and older
exposed rocks.
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Abajo Mountains, Utah

by
I. Jo Witkind

The major part of the Abajo Mountains area, San Juan Counﬁy,
Utah, is occupied by a laccolithic mountain mass similar in many
respects to the Henry Mountains described by Hunt (1953).

The laccolithic mountains on the Colorado Plateau are character-
ized bylgroups of laccoliths radiating outward from a stock (Hunt,
1946, po 16), This stfuctural pattern is also present in the Abajo
Mountains. As yet, no stock surrounded by a shatter zone has been
found in the Abajo Mountains, though such zones are typical of the
stocks in the Henry Mountains. The typical stock-laccolith relation-
ship in the Abajos appears to be relatively simple. The stocks both
cross-cut and are concordant with the adjacent sedimentary rocks.
Extending outwards from the stocks are hugh tonguelike laccoliths.
Some of these laccoliths form domes completely covered by sedimentary
rocks and an igheous core must be surmised. Others have had part or
all of their sedimentary cover removed, exposing the igneous core.
Many of the laccoliths have been injected laterally either directly
below the Burro Canyon formation of Lower Cretaceous age or directly
above the overlying Dakota sandstone of Upper Cretaceous age. Con-
sequently, in some places thesé formations form the roof of the
laccoliths, and in others the floor. Where they form the laccolithic

floor, the Mancos shale of Late Cretaceous age forms the roof,

The age of the intrusions is unknown, by it is suggested on tenuous

evidence that they are lLate Cretaceous or Early Paleocene in age.
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Of the three differentiation stages recognized by Hunt (1954,
pe 478) the magma that formed the Abajo Mountains apparently did
not proceed beyond the initial, or diorite porphyry stage.

On the basis of the petrographic studies,the igneous rock in
the Abajo Mountains is probably best classified as a hornblende
andesite porphyry, rather than a diorite porphyry, a term used by
Hunt (1953, 1954) in his petrographic description of the Henry and
La Sal Mountains. Commonly it is a light-gray dull dense hard rock
that weathers to form angular fragmenﬁs a foot or two long and 2 to
3 inches wide. It is markedly porphyritic. Scattered through an
aphanitic groundmass are large numbers of (1) more or less rectangular
grayish-white andesine (4bsgAn; ) phenocrysts; (2) thin, elongate
black shiny needles and prisms of hornblende; and (3) black,angular
grains of magnetite. The groundmass is too fine grained to permit
definite identification of its constituents, but it probably contains
anhedral grains of quartsz, ofthoclase(?), plagioclase microlites,
magnetite dust, and calcite.

Modal analyses of several selected rocks are shown in table L.

For purposes of comparison, chemical analyses of several rock
samples from the Abajo Mountains are shown in table 5. These analyses
have been converted to normative minerals.

Commonly the phenocrysts are altered and the groundmass is un-
altered, The andesine phenocrysts show the effects of alteration
in rounded edges, embayed areas, and in patches in phenocryst centers.
These altered patches contain opal, some calcite, sericite(?), and
kaolin(?). The hornblende phenocrysts are the most altered of all.

Generally they have altered to chlorite (penninite), magnetite, a
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Table 4.--Modal analyses of thin sections prepared from rock
chips collected in the Abajo Mountains,
San Juan County, Utah

Phenocrysts Dike Laccolith Laccolith Stock
(percent) (percent) (percent) (percent)
Hornblende (alters to 12.50 14,70 9.76 13.01
penninite)
Magnetite 1.62 2.12 1.78 2.98
Calcite ' - —_— - 0,31
Quartz ) - 1.82 - 1.10
Accessories (including 1.17 0.30 -_— 047

sphene, apatite, zir-
con, augite)

33.07 51.82 39.85 48,59
Groundmass
Includes quartz, ortho~ 66.91 48.18 60.15 51.41
clase(?), plagioclase
microclites, magnetite
dust, and calcite .
Total 99.98 100.00 100.00 100,00

hydrated iron oxide, and calcite. Much of this alteration is probably
deuteric.

On the basis of the absence of metamorphic effects on the intruded
host sedimentary rocks, as well as on included xenoliths, it is sug-
gested that the magma which formed the intrusives of the Abajo Mountains
was viscous, had a low temperature, and probably contained only moderate
amounts of volatiles. These volatiles, trapped by the impermeable
Mancos shale, probably reacted with previously formed phenocrysts and
altered them.

Some of the volatiles may have escaped along existing fractures

to form the weakly mineralized sulfide veins common near the crest of



Table 5.-—Chemical analyses and normative minerals for selected
rock specimens from the Abajo Mountains,
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San Juan County, Utah

Chemical analyses  Dike Laccolith Stock
' " (percent ) “(percent ) (percent)
Si02 60.87 61.85 58.05
Fe203 2.26 1.88 0.46
Fe0 14..13 11419 7050
MgO l.41 1.04 1.56
Ca0 L.36 5.12 534
Nazo 2.), 28 b, 070 3 072
TiOp 047 0.45 0.50
P205 034 0.29 0639
MnO 0,13 0.16 0,15
Normative minerals
Q 11.28 12.66 12.24
or 19.46 12.79 8.90
ab 36.15 39.82 31l.44
an 15.85 20.29 23.91
(en 0.80 0.50 3.90
di %fs 1.06 0,92 12.80
(wo 1.86 3.34 -
(en 2‘70 2.10 —
hy
(fs 3 096 I.L 062 —
mt 3.25 2.78 0.70
ap 0.67 0,67 1.01
il 0.91 0.91 0.91

Analyzed by J. L. Theobald of the U. S. Geological Survey.

the Abajo Mountains, but it is doubtful whether sufficient mineralizers
were avalilable to form the uranium-vanadium deposits in and adjacent to
the Abajo Mountains. It would appear that the source of the uranium-

vanadium mineralizing solutions was not the magmas which form the

laccolithic mountains.
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East Vermilion Cliffs area, Arizona

Field work in the East Vermilion Cliffs began in 1955, and the
study is scheduled for completion in July 1957. The area is located
in north-central Coconino County, Ariz. (fig. 33). The structure of
the area consists of the faulted East Kaibab monocline in the west and
Echo Cliffs monocline in the east with a gently folded structural ter-
race between. Erosion in House Rock Valley and in the Colorado River
Valley has exposed a section of sedimentary rocks more than a mile
thick, including rocks from the Supai formation of Pennsylvanian and
Permian age to the Entrada sandstone of Jurassic age (fig. 34).

Most of the uranium deposits in the East Vermilion Cliffs area
occur in the Shinarump member of the Chinle formation in channel
scours cut into the top of the Moenkopi formation. Small pockets of
uranium minerals, however, occur in sandstone lenses in the Petrified
Forest member of the Chinle. The known uranium deposits are located
in the lees Ferry and central East Vermilion Cliffs (fig. 33) areas.
There are no known commercial deposits in the House Rock Valley area.

The House Rock Valley area, by J. D. Wells

The sedimentary rocks that crop out in the House Rock Valley area

are the Hermit, Toroweap, Kaibab, Moenkopi, Chinle, Moenave, Kayenta,
Navajo, and Carmel formations (fig. 34). The rock units exposed are
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generally similar to the formations described in other areas of the

Colorado Plateau. In this area the Coconino sandstone is not present;
only a few rounded frosted quartz grains mark its probable lateral

- equivalent at the upper contact of the Hermit shale. The Shinarump
member of the Chinle formation is absent in the southern part of the
area and elsewhere ranges in thickness from a wedge edge to about

50 feet. The Shinarump is generally well consolidated, but locally
in the central part of the area is unconsolidated. No paleostream
channels were recognized in the member. The Carmel formation occurs
as a bed about 70 feet thick on the tops of buttes on the Paria
Plateau; this unit is a tongue of the Carmel and is overlain by a
tongue of Navajo sandstone,

The tectonic structures present in this area-~-~folds, faults, and

joints—-are typecial of the structures of the Colorado Plateau. The
most prominent is the East Kaibab monocline which is a north-trending,
north-plunging structure about 130 miles long. In the House Rock
Valley area the monocline has a structural relief of about 3,500 feet;
the eastward dips are generally 10° to 20° with a maximum of about 30°.
The monocline has a major N. 10° E, trend with local trends of

N. 20° E, to N. 20° W, Minor northwest-trending warps reflecting the
changes in trend of the monocline occur in the steeply dipping part of
the monocline., Other broad low amplitude anticlines and synclines are
present east of the monocline; these generally trend parallel to the
synclinal bend of the monocline. Sharp anticlines and synclines with
limbs dipping up to 400 and which die out rapidly along strike occur

in the Shinarump member of the Chinle formation in the northern half

of the area.
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Prominent high-angle faults with offsets of as much as 300 feet

occur subparallel to the monoclinal trend; some of these have offsets
that increase while others decrease the structural relief. High-angle
faults with displacements of usually about 20 feet offset the Shinarump
member in the northern part of the area and form horsts and grabens.
Most of these faults are subparallel to the monocline but some strike
at an angle to it. Northeast-trending faults with the south side
downthrown about 200 feet exist west of the monocline. East of the
monocline, in the northeast corner and in the central part of the area,
faults trending northwest have displacements up to 150 feet with the
southwest side downthrown. Associated with the major faults in the
northeast are a series of faults with small displacements that form
horsts and grabens which trend subparallel or nearly at right angles
to the major faultse.

Certain structural features are apparently associated with the
synclinal bend of the monocline. Slickensides occur in the Chinle
formation on fault planes that nearly ﬁarallel the axial plane of the
synclinal fold. A series of small high-angle step faults cutting the
lower contact of the Moenave formation in the locality of the slicken-
sides strike near north-~south and have displacements of about a foot
with the west side upthrown. A shear zone consisting of many nearly
vertical fractures has been formed in the Navajo sandstone and the
Kayenta formation. Small low-angle faults with the east side thrust
a few feet over the west occur in the Chinle formation. The slicken-
sides, step faults, shear zone, and thrust faults occurring in the
synclinal bend of the monocline are interpreted to have been formed

by local compression on the inside of the fold.
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No commercial ore deposits are known to exist in the House Rock
Valley area, but two mineralized localities are present. Anomalous

radioactivity was detected in a prospect adit located in the south-

-

central part of the area. The radiocactive material is around a small
block of claystone in a sandstone bed in the Petrified Forest member
of the Chinle formation. A channel sample from this material contained
0,018 percent uranium oxide, less than 0.5 percent vanadium oxide, and
0,069 percent copper.

In the northeast part of the area copper minerals cement parts
of the Navajo sandstone near a fault. A sample of the sandstone con-
tained 0,005 percent uranium oxide, less than 0.05 percent vanadium
oxide, and 2,01 percent copper. Minerals present are pyrite,
tetrahedrite, chalcocite, covellite, malachite, and cuprite.

The Central East Vermilion Cliffs area, by R. G. Petersen

The central part of the East Vermilion Cliffs includes an area
of about 240 square miles. The rocks range in age from Pennsylvanian
and Permian (Supai formation) to Jurassic (Carmel formation) capping
buttes on the Paria Plateav. in the north. One minor but persistent
fold, called the Soap Creek syncline, extends the entire length of
the area. The axis of the syncline strikes about N. 15° E. and plunges
about 2° to the north. All of the beds in the area are probably
influenced by this fold and dip about 2°-3° in a northerly direction.
A1l of the known uranium mineral deposits in the area occur in
the Shinarump member of the Chinle formation., The Shinarump is highly
variable in thickness, areal extent, and composition. In channel
scours the member attains a thickness up to 130 feet. In other places,

perhaps only a few hundred feet from these scours, it is absent. Where
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persistent, the Shinarump usually ranges in thickness from 20 to 40
feet. It varies in composition from a hard, well-cemented conglo-
merate to a deposit of poorly sorted sand and gravel. In places it
is a clay-cemented crossbedded sandstone.

Two uranium mines are located in the central area (fig. 33).
One, the Vermilion No. 1 mine, has produced only a few tons of laow-
grade rock. The mine consists of an open pit in a small channel scour
filled with the Shinarump member. The channel is about 10 to 20 feet
deep, 30 to 50 feet wide, and about 300 feet long. The Shinarump in
the channel is a poorly sorted mixture of clay, sand, and gravel.

The uranium minerals occur in the Shinarump and in the Moenkopi, at
or near the contact of the two units. The only uranium mineral
identified is metatorbernite, which is found in the gravel in the
Shinarump member and in the siltstones of the Moenkopi formation.

The second and most important uranium mine in the area is the
Sun Valley mine., This mine is in a channel scour, filled with the
Shinarump member, of greater dimensions than the scour at the
Vermilion No. 1 mine. Surface and drill-hole data indicate that
the deposit is in a U-shaped bend of a paleostream channel and is
at least 1,000 feet long and 400 feet wide. In the deepest part of
the channel the Shinarump is about 130 feet thick. About 400 feet
of underground workings in this mine have produced several hundred
tons of ore.

The only primary uranium ore mineral identified in the Shinarump
member in the Sun Valley mine is uraninite, which occurs as inter-
stitial material and as rounded grains (up to 1 mm. in diameter).
Other minerals recognized are pyrite, sphalerite (light amber),



15k
hematite, galena (rare), and possibly jordisite. The cementing
material is calcite with minor chalcedony. The probable paragenetic
sequence is: (1) uraninite (interstitial type), (2) pyrite, and
(3) sphalerite. The secondary uranium minerals found forming on the
mine wall and on outcrops of the Shinarump are: zippeite, beta-
zippeite, and an unnamed uranyl phosphate. In addition to these,
the secondary molybdenum mineral ilsemanite is forming rapidly on
the walls of the older mine workings.

Ten samples of uranium~-bearing rock from the Shinarump member
at the Sun Valley mine wére found to contain an unusual amount (up
to 0,07 percent) of rhenium. This metal, probably in the form of
an oxide, was found to be concentrated in the water-soluble fraction
of the samples. The soluble salt fraction of two samples assayed
1.5 percent rhenium.

The lees Ferry area, by D. A. Phoenix

The Lees Ferry area includes about 270 square miles of sparsely
populated semiarid canyon and plateau country in Coconino County,
Ariz, The historic ford of the Colorado River at ILees Ferry is
situated in the geographic center of the region and the Glen Canyon
dam site is on its eastern edge. Prominent land forms in the area
are Marble Canyon and its upstream counterpart, Glen Canyon of the
Colorado River; Marble Canyon is bordered by Vermilion Cliffs to
the north and Echo Cliffs to the east (fig. 35).

The consolidated sedimentary rocks exposed in the Iees Ferry
area have an aggregate thickness of about 4,500 feet and range in
age from Permian to Upper Jurassic., The erosive characteristics of

the rocks divide them into three broad groups: these are, in ascending
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order, about 800 feet of resistant shale, quartzite, and limestone of
Paleozoic age that underlie the platfbrm entrenched by Marble Canyon;
about 1,600 feet of easily eroded clay and mudstone with subordinate
but.resistent strata of sandstone and conglomerate of Mesozoic age
that support Vermilion and Echo Cliffs; and about 2,100 feet of
resistant sandstones of Mesozoic age that compose the Vermilion and
Echo Cliffs and underlie the plateaus of the region (fig. 35).

The rocks in the area are folded by the northward plunging Echo
Cliffs monocline. This fold is about 40 miles long and like most of
the monoclines in the Colorado Plateau displaces beds downwards to
the east--the displacement in the area is about 2,000 feet. The
formations on both sides of this fold have a regional dip of about
2° northward.

Structural details differ in the three major roek groups. The
Paleozoic group of rocks are deformed locally by folds with as much
as 100 feet of relief. These rocks are also cut by northwesterly
trending high-angle faults with displacements ranging between 10 and
LO feet, Part of the deformation in these older rocks is localized
near the Echo Cliffs monoeline. Deformation in the youngest Mesozoic
group of rocks is most severe along the steep limb of the Echo Cliffs
monocline where the Navajo sandstone is cut by reefs and linear bodies
of sheared and crushed sandstone. ZElsewhere the sandstone strata are
cut by high-angle faults with displacements of between 10 and 100 feet;
local folds such as are found in the oldest group of strata do not
occur in these rocks. The relatively plastic middle group of strata,
including the Chinle and the Moenkopi formations, has absorbed mach

of the local folding and faulting in the resistant and more brittle
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strata above and below. Only locally do folds or faults connect
between the two reéisténi groups of strata; so that the uranium-
bearing Shinarump member of the Chinle formation is not deformed
locally.

The Shinarump member of the Chinle formation consists of thin
but resistant broad lenses of conglomerate and sandstone in the
lower part of the nonresistant clay-rich group of rocks (fig. 35)
and rests on the clay-riéh Moenkopi formafion. Where the Moenkopi
formation is overlain by mudstone of the Chinle formation it is
altered for several feet below the contact, but’ where the Moenkopi
formation is overlain by the Shinarump member it is less altered.

The Shinarump member fills bréad swales (Witkind, 1956) in the
underlying Moenkopi formation (fig. 36) and locally it also fills
deep sinuous channels in the Moenkopi formation. The member is
believed to represent deposits left by streams, the flow of which
shifted from place to place. Sedimentary structures in the upper
part of the Shinarump member are mostly oriented northwest. The
channels at the base of the member are oriented more or less at
random, but the overall trend is about north-northwest.

Where the Shinarump member fills channels cut in the underlying
Moenkopi formation it ig locally uranium-bearing. Less important
occurrences of uranium have also been found in other parts of the
Chinle formation, but to date none have been economic.

The uranium-bearing Shinarump member of the Chinle formation is
a thin lenticular aquifer probably elongate northwesterly, in which
fluid movement during mineralization was in response to regional

gradients and to physical characteristics of the agquifer. Fluid
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movement from place to place was probably hindered by thin places

in the member or by clay strata. Fluids probably became stagnant

in the channels cut into the Moenkopi formation, particularly in
those oriented at right angles to the regional hydraulic gradient;
these places are alsoc favorable to the localization of uranium.
The origin of the uranium in the Shinarump member is not known but
compaction of clay strata above the member probably yielded a more
than ample supply of fluid to saturate these permeable sediments
and it may be possible that the uranium was introduced in this way.
Reference

Witkind, I. Jo, 1956, Channels and related swales at the base

of the Shinarump conglomerate, Monument Valley, Arizona:
U. Se Geol, Survey Prof. Paper 300, p. 233-237.

Grants area, New Mexico
R. Es Thaden :zﬁ E. S. Santos
Pre—ﬁakota folding of sedimentary rocks in the Grants area is
much less obvious and apparently less well developed than that reported
in the Laguna area (TEI-640, p. 76-77); this lack of expression may
be due to parallelism of exposures and the trends of folding. Minor
northeast-trending folds in the Grants area and larger and more com- .
plicated folding have been described in earlier reports (TEI-620,
Po 75-76; TEI-640, p. 75). Major folding in the Grants area trends
south of east, and apparently developed as the sediments of the '
Morrison formation were being deposited (L. S. Hilpert and A. F. Corey,
oral communication, 1957). There is little doubt that this folding
is correlative with the major folding described in the Laguna area.

Small folds in the Grants area, such as the one at the Poison Canyon
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mine, are probably of the same system as the large ones noted by
Hilpert and Corey; this folding is probably synclinorial (TEI-620,
pP. 75; TEI-640, p. 77). That the syncline at Poison Canyon also
developed contemporaneously with deposition of the Morrison sediments
is indicated by thickening of the upper part of the Morrison forma-
tion in the syncline and thinning in the adjacent anticlinal areas.
In addition, claystone units within the Westwater Canyon member of
the Morrison are best developed in the syncline and are thinner and
less numerous on the adjacent anticlinal highs, Uranium deposits
tend to occur in the synclines; changes in thickness and persistence
of claystone units in the Morrison formation may reveal‘the presence
of folds even where vertical control is lacking and thus indicate
areas where drilling for ore may prove successful,

New analytical data tend to confirm the concept of zoned ore
deposits presented previously (TEI-620, p. 76). Chromium is apparently
concentrated in a halo above the ore in the Westwater Canyon member of
the Morrison formation, whereas molybdenum and selenium are apparently
concentrated at the base of the ore. Where the ore occurs in multiple
layers, the highest concentrations of these elements are above the
uppermost layer and at the base of the lowermost layer, respectively.
Knowledge of the range of concentration of these elements, combined
with field testing, could conceivably save many feet of unnecessary
exploratory drilling, particularly in areas where the lowest ore layer
is a considerable stratigraphic interval above the base of‘fhe

Westwater Canyon member.
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Laguna area, New Mexico
R. Ho Moench :id Je+ Se Schlee

The report period was devoted primarily to petrographic and
mineralogic study of the ores and sedimentary rocks of the Laguna
area, Most of the ores studied were from the Woodrow "pipe™, the
Sandy mine area, and the Crackpot and Chavez mines. The structural
relationships of these mines and deposits have been desc?ibed briefly
in previous reports (TEI-590, p. 603 TEI-640, p. 79).

The mineralogy of the uranium ores studied is simple, consisting
of one to three dominant minera}s° On the basis of their dominant
mineralogy the ores may be classified tentatively in four categories:
(1) coffinite ores, which occur in the Jackpile mine; (2) coffinite-
sulfide ores, which occur in the Woodrow mine; (3) coffinite(?)-
roscoelite ores, which occur in the Chavez mine; and (4) uraninite-
roscoelite ores, which occur in the several deposits of the Sandy
mine area, and probably also in the Crackpot mine. Apparently coffinite
is the dominant primary uranium mineral in deposits where the host rocks
are noncalcareous or slightly calcareous, and uraninite is the most
important uranium mineral in depésits where the host rocks are
calcareous. Roscoelite is apparently an important ore mineral in
those mines where the vanadium:uranium ratio is 1:2 or greater.

Sulfides are most abundant in the Woodrow mine but are present
in all of the ore deposits. Pyrite is the most common sulfide mineral,
but marcasite is abundant in the Woodrow mine, and minor amounts of
chalcopyrite, galena, and sphalerite are present in most deposits.

Small amounts of carbonate gangue--calcite, dolomite, and possibly
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rhodochrosite~—are present in the Woodrow mine. Coffinite from the
Jackpile and Woodrow mines and uraninite from the Sandy mine were
identified in sele;ted high-grade samples by Alice S. Corey of the
U. S. Atomic Energy Commission (oral communication, 1957).

The sequence of deposition of the ore minerals is fairly consistent
in all of the mines in the Laguna area. In general, the primary uranium
minerals are later in the paragenetic sequence than the other minerals.
In the vanadiferous ores, roscoelite is earlier in the paragenetic
sequence than uraninite or coffinite. The sulfides--dominantly pyrite,
with minor amounts of marcasite, chalcopyrite, galena, and sphalerite—-
are in general earlier than the uranium minerals, and probably younger
than thelroscoelite. Some pyrite was deposited later than uraninite.

In the nonvanadiferous coffinite-sulfide ore of the Woodrow mine most
of the pyrite, marcasite, and other sulfides and carbonate gangue are
earlier in the sequence than coffinite. Minor amounts of pyrite,
marcasite, quartz, and calcite are later than coffinite.

Replacement, rather than simple filling of open space, appears to
have been a dominant process in the deposition of all the ores. In
parts of the Woodrow mine the detrital constituents--quartz, feldspars,
and rock fragments--have been completely replaced by pyrite and marcasite;
forming a rock that coﬁéists of only sulfide minerals. In places both
the sulfides and detrital constituents have been partly replaced by
coffinite along close-spaced bedding planes and joints, resulting in
"boxwork-type" ore., In the vanadiferous ores, roscoelite and
uraninite have replaced much of the original clay and calcite cement,
as well as the detrital constituents. In the higher grade parts of

the sandstone ores the original cement is completely replaced, together
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with as much as 25 percent of the detrital quartz and feldspar, by
ore minerals.,

A sequence of eight samples taken vertically across a small roll-
type ore body in the Sandy mine area was studied petrographically to
determine the quantitative mineralogic differences between the barren
host rock and the ore., From the sample sequence it is tentatively
concluded that: (1) detrital quartz and feldspars have, to a great
extent, been replaced by calcite and/or roscoelite within the ore zone,
and, to a lesser extent, similarly replaced in the barren zone between
the upper and lower parts of the ore roll; (2) calcite was not removed
during mineralization, but was replaced by the ore minerals and re-
deposited in the lower grade parts of the ore and in the barren zone
between the upper and lower parts of the ore roll; (3) some clay
minerals may have been introduced at an early staéé of mineralization;
and (4) the roscoelite probably formed from materidls derived from the
replaced silicates, original clays, and introduced(?) clay, plus
vanadium from the mineralizing solutions.

Preliminary petrographic study has been made of the color changes
in the Entrada sandstone. Most of the unit is moderate orange pink;
the uppermost 20 to 40 feet are mostly white to very pale orange, but
a discontinuous mottled pale-red to grayish-red band as much as 5 feet
‘thick is present near the base of the light-colored zone. The light-
colored zone contains the uranium deposits in the Entrada in the Sandy
mine area. The color changes transect sedimentary structures in the
sandstone. From the petrographic work it is concluded tentatively
that these color changes reflect the distribution of iron in the rocks.

In the moderate orange-pink sandstone some of the detrital opaque
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minerals are altered to leucoxene or hematite or mixtures of both,
but unaltered magnetite is also present; in addition, fine-grained
hematite coats the detrital grains. In the white sandstone leucoxene
is the only recognized relict detrital opaque mineral and hematite is
absent; apparently, there is little or no iron-bearing mineral in the
sandstone, In the grayish-red sandstone the detrital opague minerals
are present as in the moderate orange-pink sandstone and hematite is .
abundantly distributed in the interstices. It is suggested that
moderate orange~pink sandstone represents the original rock, and that
iron was leached from the original rock to form what is now the white
zone, and at least partly recancéntrated in the gfayish«red Zone .,

"Field relations indicate that the white and grayish-red color zones

are as old as, or older than, the uranium deposits.

Another color change ‘present in the Entrada sandstone is related
to the diabasic dikes and sills. As the diabase is known t¢ be younger
than the uranium deposits, this color change is alsc younger. The color
of the moderate orange-pink sandstone, described above, changes sharply
to very pale orange to grayish-orange in zones 10 to 30 feet wide on
either side of dikes, and in wide areal zones that are coextensive
with sills, As in the white zone, leucoxene represents the only relict
detrital opaque mineral in the very pale orange to grayish-orange
sandstone. Hematite and limonite (goethite?) are disseminated through-
out the rock as discrete pseudomorphs after pyrite. Some of the
pseudomorphs contain traces of pyrite. It is suggested that the iron
in the original moderate orange-pink sandstone was transformed to

pyrite, and subsequently weathered to form hematite-limonite pseudomorphs. .
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In the Sandy mine area a number of small uranium-vanadium deposits
cut by the diabasic sills are metamorphosed to lime-silicate rocks.

As far as can be determined, the distribution and state of the primary
uranium mineral, probably uraninite, is unchanged. Garnet; diopside,
and vesuvianite have formed at the expense of detrital silicates,
clay, and calcite. The garnet, not yet positively identified, is
probably a member of the grossularite-andradite series. In some thin
sections the garnet, which is nearly colorless in most of the rock,
changes to deep brown or reddish brown in highly mineralized rock,
especially where associated with roscoelite. Inasmuch as trivalent
vanadium and iron have essentially the same ionic radii (0065 and 0,67
kX respectively, Rankama and Sahama, 1949, p. 794) it is likely that
vanadium may substitute for iron in andradite, and the garnet may have
formed, in part, at the expense of roscoelite.

Petrographic examination of rocks of the Chinle, Summerville,
and Bluff formations has revealed features which allow inferences
regarding the paleogeography, depositional environment, and post-
depositional history of these formations,

The Petrified Forest member of the Chinle formation consists
mainly of shale, but to the north, in the vicinity of Mesa Gigante,
sandstone and conglomerate beds are present at the top of the formation.
The sandstones are arkoses, subarkoses, and protoquartzites (Pettijohn,
1957, po 291); the texturally more immature sandstones occur toward
the base of the sequence. Detrital constituents include quartz,
feldspar, chert, rock fragments, muscovite, tourmaline, and zircon.
Calcite cement commonly forms 15-20 percent, but locally as much as

50 percent, of the rock. Limestone conglomerates are interbedded with
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the arkosic sandstones. The limestone pebbles are set in a matrix
of detrital quartz and calcite.
‘ The Chiple sediments were probably derived from both igneous
and sedimentary-metamorphic sources. The probable inability of the
limestone to withstand the rigors of long transport suggests that
the source was close, perhaps even within 100 miles. The high per-
centage of cement (as mach as 40-50 percent) suggests that some of
the sands may have been originally openwork, similar to the Mclean®
sands Lane (1938, p. 505-508) noted in a fluvial environment. Cross-
bedding in the sandstone indicates a northwest direction of sediment
transport.

The Summerville formation consists of alternating red coarse-
grained siltstone and fine-grained sandstones. The sandstones are
orthoquartzites, and the coarse-grained siltstones are, compositionally,
feldspathic graywackes. The "graywacke® siltstones are marked by
contorted bedding, poor-sorting, and a clay-paste matrix. The ortho-
quartzites are well sorted, massive to flat bedded, and cemented by
calcite, Mineralogic differences are not pronounced. Both types
are rich in quartz (70 percent) with minor amounts of feldspar, chert,
and assorted heavy minerals (tourmaline, zircon, ilmenite, monazite,
and staurolite).

The interbedded orthoquartzites and "graywacke" siltstones are
genetically incongruous, and yet they grade from one to the other over
a vertical distance of a few inches. The siltstone has a "poured-in®
look, due to the contorted bedding and incomplete separation of fine
and coarse clastics. Periodic slumping and rapid influx of sediments

into a shallow sea or lake followed by partial reworking of the slumped
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maﬁerial by wave action is suggested as a possible mechanism to
explain this sequence.

The Bluff sandstone is divided into a lower, festoon crossbedded
sandstone and an upper, planar crossbedded sandstone. The lower Bluff
sandstone is pale reddish brown to very pale orangey fine to medium
grained, massive to festoon crossbedded, and friable. It is an ortho-
quartzite, and consists of quartz, feldspar, rock fragments, chert,
and associated heavy minerals, and is cemented by hematite, clay, and
calcite. The upper Bluff is a yellowish-gray to grayish-yellowyfine-
to coarse-grained, friable, massive to planar crossbedded sandstone.

It also is an orthoquartzite and is composed of quartz, feldspar, chert,
and trace amounts of rock fragments, rutile, zircon, magnetite, and
tourmaline, cemented by calcite or silica.

The sediments of lower Bluff sandstone are slightly finer grained,
less well sorted, and less rounded than those of the upper Bluff sand-
stoﬁe.

The mineralogy of the detrital grains indicates that the Bluff
sandstone was derived from an igneous, metamorphic, and sedimentary
terrane. The combination of good sorting, low inclination of foreset
crossbeds, and other features, suggest a fluvial érigin for the lower
Bluff sandstone. The upper Bluff sandstone, as suggested by the
thickness of the crossbed sets (as much as 30 feet), and the steep
inclination of the foreset crossbeds (average 24°), is probably aeolian
in origin. Crossbedding studies indicate that the material was derived
from the west.

A lateral color change (from pale reddish brown to yellowish gray)

in part of the lower Bluff sandstone reflects a change in the kind and
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amount of iron oxide present. The cement in the pale reddish-brown
sandstone is hematite and clay(?), whereas the equivalent yellowish-
gray sandstone is cemented by calcite, secondary silica, and clay;
goethite(?) is present, probably as an alteration product of pyrite.

Preliminary petrographic examination of the sandstones of the
Morrison formation reveals a wide variation in composition--from
feldspathic and lithic graywackes to orthoquartzites. Almost all of
the sandstones have abundant quartz, feldspar, volcanic(?) debris, and
clay matrix or calcite cementf Some of the volcanic fragments are
fresh and consist of porphyritic and trachytic andesite.

Thin (less than 6 inches) fairly continuous, pale reddish-brown
to moderate reddish-orange well-indurated massive tuff beds are present
in the Brushy Basin member of the Morrison formation. Relic shard
structure, extremely poor sorting, and angular mineral fragments typify
these beds. |

When contrasted with rocks of the Chinle, Summerville, and Bluff
formations, the sandstones of the Morrison are notable for their
higher content of labile constituents and clay matrix.

Preliminary petrographic investigation of the Mancos sandapones
and shales reveals a range in composition and texture from massive
orthoquartzites to poorly sorted clay-rich slump-bedded graywackes.
Quartz is the dominant constituent, and other clastic fragments include
feldspar, chert, rock fragments (metaquartzite, and shale), zircon,
magnetite, and ilmenite. The cleaner sandstones of the Mancos are
cemented by calcite or secondary silica. The less well-sorted

indurated sandstones have a chlorite-sericite matrix.
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Photogeologic mapping
by

We. A, Fischer

During the report period approximately 95 percent of the total
photogeologic mapping effort was directed toward the compilation of
maps at a scale of 1:62,500, for use in the Survey's 1:250,000-scale
mapping program of the Colorado Plateau. High altitude photographs
(approximate scale, 1:60,000) are used in conjunction with the radial
planimetric plotter and the Zeiss stereotope. Part of the summer
field season was spent in obtaining sﬁratigraphic information preliminary
to interpretation and compilation of geclogy for the 1:250,000 mapping
program.

Two photogeology studies being carried out in close cooperation
with field studies were continued throughout the report period. These
studies are of the Orange Cliffs area, central Utah and part of the
western Black Hills, Wyoming where the Inyan Kara group of Cretaceous
age is being studied in detail. Kelsh plotter methods are being used
in both of these projects.

During the report period maps at 1:62,500 scale of the equivalent
of fifty-four 74-minute quadrangles were completed. These maps were of
parts of the Uncompahgre and Sage Plains areas, Colorado. In addition,
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six maps of 73-minute quadrangles at a scale of 1:24,000 were published
by the Geological Survey in the Miscellanequs Geologic Investigations

map series., These are listed below by number and title:

I-196 - lees Ferry NW, Coconino County, Arizona

I-221 - Navajo Mountain 8, San Juan County, Utah

I-222 - lees Ferry NE, Coconino County, Arizona

I-229 - Navajo Mountain 1, San Juan County, Utah

I-233 ~ Navajo Mountain 10, San Juan County, Utah

I-238 -~ Navajo Mountain 14, San Juan County, Utah and
Coconino County, Arizona

Black Hills, South Dakota and Wyoming

Geologic mapping and related studies were started in the southern
part of the Black Hills in 1952 with the objective of determining the
lithologic, structural, and geochemical controls that influence the
localization of uranium in the area, In 1955 the program was extended
to the northern Black Hills, and somewhat later a program of combined
geologic mapping and photogeologic interpretaxioﬁ was initated with
the objective of filling in the gap between the southern and north-
western parts of the Hills. (See "Stratigraphy of the Inyan Kara group",
under Geologic Topical Studies, this volume.) The area covered by the
Black Hills studies is shown on figure 37.

Up to ﬁhe summer of 1957 the Cascade Springs, Flint Hill,
Minnekahta, Edgemont, Edgemont NE, Burdock, Jewell Cave, and Dewey 73-
minute quadrangles in Scuth Dakota, and the Carlile and Storm Hill 7%—
minute quadrangles have been mapped. Results bf the investigations in
the Black Hills, in addition to those in this volume, have been given
in previous Semiannual reports, particularly TEI-620, p. 164-181, and
TEI-640, p. 84-113.
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During the report period the following MF maps of quadrangles
in the Black Hills, all by G. B. Gott and Re We Schnabel, were

]

published:

MF-55. Preliminary geologic map of the northwest part of Edgemont NE
quadrangle, Custer and Fall River Counties, South Dakota.
MF-56, Preliminary geologic map of the northeast part of Edgemont NE
: quadrangle, Custer and Fall River Counties, South Dakota.
MF-57. Preliminary geologic map of the east-central part of the
Edgemont NE quadrangle, Fall River County, South Dakota.
MF-58, Preliminary geologic map of the west-central part of the
Edgemont NE quadrangle, Fall River County, South Dakota.
MF-59. Preliminary geologic map of the southwest part of the
Edgemont NE quadrangle, Fall River County, South Dakota.
MF-60. Preliminary geologic map of the southeast part of the
Edgemont NE quadrangle, Fall River County, South Dakota.

Edgemont NE quadrangle, South Dakota
by
Ge Be Gott and Ro Wo. Schnabel

The Edgemont NE quadrangle lies mostly within the Black Hills
National Forest in Fall River and Custer Counties, Séuth Dakota and
includes part of the southwestern part of the Black Hills uplift.
Geologic mapping of the quadrangle was begun in June 1954.

) Sedimentéry rocks of Permian, Triassic, Jurassic, Cretaceoﬁs,
Tertiary(?), and Quaternary age are exposed with the quadranglé. The
Permian and Triassic rocks consist of a sequence of about 725 feet of
largely red or maroon fine-grained clastic rocks with some limestone
and several marine evaﬁorite facies; the formations are, in ascending
order: the Opeche forﬁation and the Minnekahta limestone of Permian
age, and the Spearfish formation of Triassic age.

The rocks of Jurassic age exposed within the quadraﬁgle are 400 to

450 feet thick and include marine sandstones:.and shales of:the Sundance:

formation which are overlain by soft, fine-grained, non-marine calcareous

rocks of the Morrison formation.
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Lower Cretaceous rocks include, from oldest to youngest: the
non-marine Inyan Kara group composed of the Lakota sandstone,
Minnewaste limestone, Fuson formation, and Fall River sandstone; and
the marine Skull Creek shale. The Minnewaste limestone is pregent
in patches in the northwestern part of the quadrangle but evidently
was not deposited elsewhere in the area. Where it is not present the
contact between the Lakota sandstone and the Fuson formation is
normally obscure or unrecognizable. For that reason the pre-Fall River
Inyan Kara rocks are referred to in this report as the undivided Lakota-
Fuson formations.

The Lakota-Fuson formations are composed of a crudely alternating
sequence of rocks deposited in fluvial and quiet water enviromments
(TEI-640, p. 106) and are 250 to 460 feet thick. The rocks deposited
in quiet water probably accumilated as fine-grained material in lakes
and marshes, although some of the fine-grained material may represent
an accumulation of loess. As the lakes and marshes filled, dissection

vby northwestward-flowing streams began and later the erosional irregularities

caused by this dissectign were filled by a series of complex, channel-type
crossbedding sandstones. Thus the lithologic characteristics of the
Lakota-Fuson formations change radically from place to place, both
laterally and vertically, depending on whether rocks of fluvial or non-
fluvial origin predominate in a given locality.

. The rocks that make up the Fall River sandstone are about 150 feet
thick and are more uniform in composition and physical characteristics
than are the pre-Fall River Inyan Kara rocks. The oldest Fall River
rocks are fine-grained, thin-bedded, tabular sandstones alternating with

carbonaceous siltstones that were evidently deposited in a swampy or
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marshy environment. These beds grade upward into a unit composed of
thin, tabular brownish-gray ripple-marked sandstone beds that alternate
with massive, gray, sparsely carbonaceous mudstones. A red mudstone
near the top of this unit is locally useful as a marker bed. The upper
contact of the Fall River sandstone appears to be gradational with the
overlying Skull Creek shale and may indicate a gradational change from
continental to marine sedimentation. During middle or late Fall River
time the oldest Fall River rocks were, in places, partly or completely
removed by erosion, The erosional irregularities were refilled with
stream-laid sand and the resulting sandstone forms the canyon walls

and rims of many of the present-day canyons.

Tertiary(?) and Quaternary rocks are represented in the Edgemont NE
quadrangle mainly by terrace and alluvial deposits of unconsolidated
sand and gravel. The division betwoen Tertiary and Quaternary deposits
is based mainly on the elevation of the several terrace levels.

The Edgemont NE quadrangle is along the slightly deformed southwest
margin of the Black Hills uplift. The regional dip is about 3° to the
southwest but on the westward-dipping monocline in the southeastern
part of the quadrangle the maximum dips approach 20°, Small anticlinal
folds are present in the northwestern and northeastern parts of the
quadrangle. Elsewhere the structural irregularities consist of a step-
like series of small structural terraces and monoclines. Several small
faults exist; all have a displacement of less than 100 feet and many
have a displacement of from 10 to 25 feet. Numerous structural sinks
involving rocks ranging from the Minnekahta limestone to the Lakota
sandstone are present. These structures evidently resulted from the

removal in solution of either limestone or gypsum at depth.
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Uranium deposits constitute the most economically important
mineral resource in the Edgemont NE quadrangle but petroleum, gypsum,

and sand and gravel deposits are also present.

To date exploration for economically minable uranium deposits
has been largely restricted to the belt of outcrop. The deposits
that have been found are relatively small but as yet none of the Inyan
Kara rocks that are covered by the marine shales of Cretaceous age have
been explored.

The uranium deposits occur in thick fluviatile sandstones of the
Lakota, Fuson, and Fall River formations and in thin tabular sandstones
that are interbedded with carbonaceous siltstones in the basal part of
the Fall River sandstone. The fluviatile sandstones that have important
production histories are: (1) the first thick sandstone above the
Morrison formation in the Craven Canyon-Long Mountain-Red Canyon area
(fig. 38)3 (2) a thick channel sandstone that is locally present directly
below the base of the Fall River formation; and (3) the relatively thick
Fall River riméforming sandstone. The thick fluviatile sandstones are
channel-like in shape, are approximately from 1 to 5 miles in width,
and are at least several tens of miles in length. They are the sand-
stones through which the greatest volume of mineralizing solutions
probably have moved.

The ore minerals occur in and around carbonaceous material, around
grains and nodules of iron sulfide, adjacent to fine-grained facies of
the sandstones, in association with calcium carbonate cement, and on
structural irregularities, particularly on structural terraces and

adjacent to monoclinal axes (fig. 39).
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The ore deposits can be classified as highly oxidized, partly
oxidized, and unoxidized deposits. Carnotite and tyuyamunite are the
predominant uranium-vanadium minerals in the highly oxidized deposits.
These deposits are generally low in vanadium and have a vanadium:
uranium ratio that ranges from 0.25 to 0.68 and averages about O.l4
(table 6). All of the highly oxidized deposits are in the first thick
sandstone (Sl) above the top of the Morrison formation. The distribution
and thickness of this sandstone are shown on figure 40,

Garrels and Christ (TEI-640, p. 300) have suggested that the low
vanadium content of the Wybming-South.Dakota ores indicates that some
of the uranium may have been mobilized during the process of oxidation.
If uranium is lost from low vanadium ores during the process of oxidation,
it is probable that the highly oxidized carnotite-tyuyamunite ores were
more affected than the other ores in the Edgemont NE quadrangle. The
mineralogy of these deposits indicates that the vanadium is largely
confined to the carnotite-tyuyamunite minerals and to the clays. As
the vanadium in the clays would not have been available for the forma-
tion of stable uranium-vanadium minerals during the process of oxidation
any excess uranium over that now present would have been lost in
solution, If one or more large unoxidized deposits are postulated as
the source from which the small oxidized deposits in the Cravan Canyon-
long Mountain-Red Canyon area were derived, then a considerable amount
of uranium may have been carried away by ground water and deposited
elsewhere below the zone of oxidation. Solutions moving through this
area would probably have followed the thick permeable channel sandstone
with thickness shown on figure 40. This sandstone evidently fills a

scour in the underlying Lakota mudstones and shales (fig. 38). Solutions,

¢
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therefore, probably would have moved along the bottom of the channel

and if they encountered effective precipitating agents, such as
carbonaceous material or pyrite, economically significant deposits may
have formed.

The partly oxidized deposits contain both the yellow carnotite-
tyuwyamunite minerals and the dark corvusite-~rauvite minerals. In
contrast to the yellow ores these deposits have a vanadiumsuranium
ratio that ranges from 0.85 to 4.5 and averages 1.5 (table 6). With
the exceptions of the Holdup No. 15-Kados No. 3 mine these deposits
occur in highly carbonaceous rocks in the basal part of the Fall River
formation.

One unoxidized deposit has been found near the base of a chamnel
sandstone in the Fall River sandstone. The sandstone is in contact with
and crosses an underlying channel sandstone. Ore is being mined from
the overlying sandstone but mineralized rock is known to exist also in
the lower channel sandstone. Uraninite, coffinite, and an unnamed low-
valent black vanadium mineral are associated with pyrite, marcasite, and
calcite cement. The deposit is adjacent to an area of intense calcite
cementations and contains only a negligible amount of organic carbon.

Mineralogy of the Runge mine, South Dakota
by

F. R. Shawe
The Runge mine, 7 miles north of Edgemont, South Dakota, is in the
basal part of the Fall River sandstone. Epigenetic minerals that have
been identified from the deposit are: quartz, calcite, clay, marcasite,
pyrite, hematite, goethite, uraninite, mineral %AW (v2030V20h03H20)

(Evans and Mrose, 1956), coffinite, corvusite, carnotite, and tyuyamunite.
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Metatyuyamunite is probably present also, but has not been ﬁositively
identified. Coffinite and corvusite, detected by X-ray methods, have
not been observed. Carnotite, tyuyamunite, metatyuyamunite(?), and
corvusite are not important as ore minerals. The composition of the
clay was not determined. The paragenetic sequence of these minerals
is given in figurse 41.

The quartz is present as interstitial cement and asyovergrowths on
quartz sand grains. Most of the overgrowths are in crystal continuity
with the grain. Quartz as interstitial cement, once more abundant than
at present; has been largely replaced by calcite and other later minerals.
Replacement started at the juncture between quartz cement and sand grains
. and proceeded inward, leaving in many places small, irregular and iso-
lated grains of quartz completely surrounded by calcite. The quartz is
clear and well crystallized; no chalcodonic or opaline silica was
observed. It is both very early and late in the paragenetic sequence.

Calcite is also mostly in the form of a cement. In many places it
replaces earlier quartz cement, and in a few places, forms veinlets in
sand grains, iron sulfides, and black uranium-vanadium minerals. It is
mostly fairly coarsely crystalline (%-1 mm mean diameter); mosaics of
fine crystals are rare. The crystals are untwinned and show no other
evidence of strain. Calcite followed the quartz in the paragenetic
order with a little, very questionable, overlap in time of deposition;
it was also deposited in lesser amounts throughout muich of the later
deposition.

The iron sulfides were deposited in the order of: pyrite, pyrite,
marcasite, pyrite, and marcasite; with considerable overlap in time

between the second stage pyrite and the first stage marcasite, and with
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some probable overlap in time between the last stage pyrite and the last
stage marcasite. Uraninite deposition started almost simultaneously with
the start of the first marcasite stage, and toward the end of this mar-
casite stage clays were deposited. After the first stage of uraninite,
and overlapping the clay stage, mineral "A" was deposited. A secomd .
stage of uraninite followed the mineral "A", The earlier uraninite

is a hard compact variety; the later uraninite is sooty and friable

and is probably the result of a late stage reworking of the earlier
variety., Both varieties of wraninite contain iron, the earlier stage
having more than the later stage.

Although the formula for mineral "A® shows no metal other than vana-
dium, microchemical tests on hand-picked and washed grains of mineral "A"
from the Runge mine show the presence of both iron and uranium,

Hematite, goethite, corvusite, carnotite, tyuyamunite, and meta-
tyuyamunite are oxidation products of earlier formed minerals,

Reference

Evans, H. T., and Mrose, M, E,, 1956, Crystal chemical studies
of low-valence vanadium oxide minerals from the Colorado
Plateau (Abs.): Geol. Soc. America Bull., v. 67, no. 12
part 2, p. 1693,

Burdock quadrangle, South Dakota
by
Ro w‘ SChnabEJ_
‘Mapping of the Burdock quadrangle, in the southwestern part of
the Black Hills, was started in July 1955 and completed in November
1956. The rocks exposed in the quadrangle range in age from Late Jur-

assic to Quaternary. The pre-Quaternary rocks are about 1,400 feet




185

thick and include marine shales and sandstones of the Sundance formation
and non-marine shales of the Morrison formation of Late Jurassic age; non-
marine sandstones and mudstones of the Inyan Kara group and marine shales
of the Skull Creek shale and the Mowry shale of Early Cretaceous age;

and marine shales of the Belle Fourche shale of Late Cretaceous age

(fig. 42). Quaternary rocks include unconsolidated stream alluvium

and terrace deposits. Most of the quadrangle is underlain by rocks of
Cretaceous age but large areas of these are covered by Quaternary deposits.

About one square mile in the northeast part of the Burdock quad-
rangle is underlain by the Sundance formation of Late Jurassic age, a
sequence of marine sandstones and shales, The Sundance formation has
been divided into five members, the upper four of which are exposed in
the Burdock quadrangle. These are, from bottom to top: the Stockade
Beaver shale member, the Hulett sandstone member, the Lak member, and
the Redwater shale member,

About ten feet of the upper part of the Stockade Beaver shale member
is exposed in a small canyon in the northeast part of the quadrangle.
Here the unit consists of a brownish-gray shale which grades upward _
through a series of interbedded sandstone and shale beds into the over-
lying Hulett sandstone member.

The Hulett sandstone is about 45 feet thick. It consists of
fine- to medium-grained, thin-bedded ripple-marked, light yellowish
gray sandstone. In the lower part the sandstone beds are separated by
thin shale beds which look like the shale in the Stockade Beaver shale
member. The upper contact of the Hulett sandstone is not exposed in

the quadrangle but exposures in adjacent areas indicate that it is con-
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formable with the overlying Lak member.

The Lak member is poorly exposed in the Burdock quadrangle.
it can be observed it consists of fine-grained sandstone or silts
that is red or maroon in color. It generally imparts a red color
the soil, The upper contact of the Lak is not exposed within the
area. The member is about 70 feet thick,

The Redwater shale member of the Sundance formation consists
a sequence of glauconitic shales and thin sandstone beds about 17
feet thick. This unit is not resistant to weathering and therefo

is poorly exposed. The upper contact with the Morrison formation

not observed, but in view of the change in depositional environment

it is probably disconformable,

The Morrison formation of Late Jurassic age is composed of a
quence of non-marine light-green to gray limy claystones, It und
about one and one half square miles in the bottom of the canyons
north;ast part of the quadrangle., It is about 100 feet thick in
area, but at most places is covered by landslide debris derived f
the overlying Inyan Kara rocks. Although the upper contact of th

Morrison formation is covered nearly everywhere in the quadrahgle
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evidence from adjacent areas suggests that the contact is unconformable.

Darton (1904) mapped four formations in the sequence which R

(1931) later named the Inyan Kara group. They are from bottom to

ubey

top

the Lakota sandstone, the Minnewaste limestone, the Fuson shale, and

the Fall River sandstone. Recent workers (TEI 590, p. 151-153)

ve

found it impossible to define a consistent boundary between the Fuson

formation and the Lakota sandstone in parts of the Black Hills.

here
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the Minnewaste limestone is present the division between the Fuson and
the Lakota is marked by the limestone., Inasmuch as the Minnewaste lime-
stone is present over most of the Burdock quadrangle it has been pos-
sible to separate the four formations with little difficulty.

The lakota formation ranges from 200 to 350 feet in thickness in
the Burdock quadrangle and consists of a complex series of thick
channel-type crossbedded sandstones and thin sandstones interlaminated
with earbonaceous mudstones. The nature of the rocks in this unit sug-
gests that the thick sandstones probably were deposited in stream
channels and the thin-bedded rocks in marshes and swamps. There are
both downcutting and intertonguing relations between the rocks of
fluvial and non-fluvial origin.

The Minnewaste limestone consists of a series of discontinuous
lenses of limestone and calcareous sandstone. The maximum thickness
of the limestone is about 30 feet. Locally the formation is a pure,
almost lithographic limestone but it grades laterally in places into
very sandy limestone and even calcareous sandstone. Sponge spicules
and algae indicate a fresh-water depositional environment for the unit.

The Fuson formation ranges from about 50 feet to about 150 feet
in thickness. It is a sequence of varicolored mudstones, the colors
being mainly various shades of red and green} a thick white massive
sandstone; and a thick crossbedded channel sandstoe. Where the
Minnewaste limestone is not present the lower contact of the forma-
tion has been mapped at the base of the varicolored mudstones. This

contact seems to be the lateral equivalent of the Minnewaste horizon.
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Little to no bedding is apparent in either the varicolored mud-
stone or the white massive sandstone. This probably means that they
were deposited in quiet water, although the mudstone could have been
deposited as a loess.

The Fall River sandstone is about 140 feet thick and is relatively
consistent in lithology over most of the Burdock quadrangle. It
consists, from bottom to top, of a series of thin-bedded I;f!.ghly csr-
bonaceous interbedded sandstones, mudstones, and siltstones about 50
feet thick; a red and gray mudstone unit about 20 feet thick; and an
upper unit of interbedded sandstone and mudstone that appears to grade
into the overlying Skull Creek shale, although the contact between these
units is obscure over most of the quadrangle, During middle or late
Fall River time there were one or more periéds of downcutting when some
of the thin-bedded units below the red mudstone were removed by erosion.
Later the channels thus formed were filled with thick, crossbedded
sandstones, One such sandstone reaches a maximum thickness of about
80 feet along the north edge of the quadrangle and thinner. approximate
correlatives are present intermittently throughout the rest of the
quadrangle. These thick channel-type sandstones are not generally as
abundant in the Fall River sandstone in the Burdock quadrangle as they
are in adjacent areas,

The Skull Creek shale, a black marine shale, conformably overlies
the Fall River formation. The shale is covered in most places in the
quadrangle by alluvial material and its thickness could not be reliably

determined. In adjacent areas it is about 250 feet thick.
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The Mowry shale is lighter in color than the Skull Creek shale
which it overlies conformably, and is much sandier and contains more
abundant fossil remains, mainly fish scales. The thickness could
not be reliably determined because of heavy alluvial cover. It is
about 150 feet thick in adjacent areas,

About 90 feet of the black marine Belle Fourche shale is exposed
in the south-central part of the quadrangle. In general the unit is
darker in color than the underlying Skull Creek and Mowry shales. It
usually contains a large amount of bentonite in discrete layers in
the lower part.

Alluvial deposits of unconsolidated sand and gravel cover large
areas in the quadrangle, principally in the valleys of the present
streams. Most of the material in the alluvium has been derived from
rocks exposed in the central part of the Black Hills uplift and all
the alluvial and terrace deposits appear to be associated with the
present drainage system,

Uranium-vanadium deposits have been found in the thick sandstone
beds of the Lakota formation, in the thin-bedded carbonaceous sand-
stone, siltstone, and mudstone units in the lower part of the Fall
River f;rmation. The deposits in the thick sandstones are small,
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